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2 new spring books— 


Grinter 
ENGINEERING MECHANICS 


A text for both the sophomore course in statics aud the 
junior course in dynamics, this presents mechanics in 
logical thought-sequence, solving special cases and nu- 
merical examples directly from a few basic laws. It 
treats statics before dynamics, divides space and em- 
phasis equally between the two subjects, and begins 
with a section on the history of mechanics. 


to be published in spring 


Woods & DeGarmo 


Introduction to 


ENGINEERING ECONOMY 


REVISED EDITION 


Bringing completely up-to-date this full coverage of 
the economic problems of engineering, the authors cover 
such topics as investment—its purposes and methods of 
determining its advisability; production problems; the 
use of statistical methods; and quality control as it 
relates to the economy of production. 


to be published in spring 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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SURVEYING 
Carl F. Meyer 


Professor of Civil Engineering 
Worcester Polytechnic Institute 


This is a truly modern book on route surveying. Written 
primarily as a textbook for civil engineering students, it 
embodies a clear presentation of principles together with 
a treatment of their practical application. 
Outstanding features include: 
(1) traverse methods of solving problems on compound 
curves. 
(2) simplified application of the chord-gradient method 
of calculating odd-length vertical curves. 
(3) practical treatment of the spiral, free of undue 
mathematical complexity. 
(4) detailed analysis of curve problems in highway 
design. 
(5) 300 pages of tables set up in a form especially 
useful in route surveying calculations. 


600 pages $5.25 


TEXTBOOK COMPANY 


SCRANTON 9, PENNSYLVANIA 
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2 outstanding texts— 


exas, 

Martin 

ARCHITECTURAL GRAPHICS 

— This treats the development of various types of archi- 
tectural drawings ranging from the multi-view ortho- 

vania graphic and the parallel line pictorial systems to three- 
point perspective. It illustrates and explains the me- 

a chanics of casting shadows on all types of drawings. 

a, Il. Unusually complete, it begins with a brief survey of all 

Uni- types of drawing, followed by detailed explanations of 

all types—from simplest to most complex. $4.00 
ersity 
ILLE 


Leach & Beakley 
Elementary PROBLEMS 
in ENGINEERING 


For the first-year problems course included in the engi- 
neering curriculum, this helps the student make the 
y transition from high-school to the standards of achieve- 
ment college requires. A review of pre-college mathe- 
matics precedes a picture of the engineering profession— 
course requirements, job opportunities, and so on—fea- 


{ORE turing analysis of an actual plant. Subsequent chapters 

‘TON parallel first year courses in algebra, trigonometry, engi- 

! neering drawing, chemistry, physics, and shop work. 
$3.75 

GROVE 


She Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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Important RONALD Books 


DESCRIPTIVE GEOMETRY 
A Pictorial Approach 


By Harold Bartlett Howe, Rensselaer Polytechnic Institute 


Combining the pictorial approach with the direct method, this up-to-date 
textbook facilitates the student’s mastery of principles in less time, and 
insures broader coverage of the subject. The method used stimulates the 
individual’s capacity to perceive and visualize, and develops the ability to 
make pictorial sketches. Scores of engineering problems permit applica- 
tion of theory to practice. “A remarkable piece of work . . . destined to 
take a foremost position.’”’—Professor Irwin Wladaver, New York Uni- 
versity. 328 ils., 332 pp., $4.25 


BASIC ENGINEERING DRAWING 


By William Wirt Turner, Carson P. Buck, and Hugh P. Ackert 
—all of the University of Notre Dame 


Introduces the student to all the basic elements of engineering drawing, . 
descriptive geometry, and machine drawing. Designed to fill the need for 
an integrated course, this one-volume textbook is flexible enough to be 
used by instructors whose teaching needs cover only one of these fields. 
Text material and coordinated problem work stress application of theory 
to best current industrial practice. ‘“‘Well organized, well illustrated, and 
well written.””—Professor W. A. Wolfe, The University of British Columbia. 

563 ils., 669 pp., $5.50 


SHADES AND SHADOWS 
Their Use in Architectural Rendering 


By William Wirt Turner, University of Notre Dame 


Clearly presents all the information needed for accurately determining 
the shades and shadows of objects, especially architectural compositions. 
Twelve supplementary work sheets (13 x 17) provide exercises for maxi- 
mum coverage in a minimum of time. Problems are based on those archi- 
tectural elements constantly occurring in professional practice. “. .. as 
usual . . . an excellent piece of work.’’—Professor A. H. Carter, Purdue 
University. 95 ils., $3.25 (Work Sheets $1.90) 


KINEMATICS OF MACHINES 


By Leon Marr Sahag, Alabama Polytechnic Institute 


A practical volume planned to meet all present-day requirements for 
the design of modern machines. Study of displacements, velocities, and 
accelerations is carried out in conjunction with links or simple mechanisms; 
separate chapters devoted to instant centers, gears, and other mechanisms. 
Throughout, motions relative to particular mechanisms are discussed in 
detail. Problems follow each chapter. ‘‘. . . many completed examples 
which should be very helpful to the student.”—Professor John P. Hatch, 


Dartmouth College. Revised Printing. 416 ils., 249 pp., $4.50 
THE RONALD PRESS COMPANY 
15 East 26th Street © New York 10, N. Y. 


Now .. . THE Very FIRST 
COMPARATIVE STUDY OF THE 
ENGINEERING, PHYSICAL AND 
CHEMICAL BEHAVIOR OF 


A survey of their behavior with 


By ERNEST R. KASWELL, 


Associate Research Director, 
Fabric Research Laboratories, Inc., 


Textile Fibers, \ 
Yarns and 
Fabrics 


special reference to wool 


Boston, Mass. 


Based directly!on the research of over 400 investigators, this 
eagerly-awaited book is the first to evaluate the engineering, 
physical and chemical behavior of natural and synthetic textile 
fibers, yarns and fabrics. It offers a carefully annotated, inter- 
pretative bibliography of textile behavior with special reference 
to wool. 

The first section of the book fully discusses such intrinsic 
properties as stress and strain, energy absorption, elastic modulus, 
repeated stress, chemical, thermal, biological and environmental 
resistance. 

Relationship of these properties to such fundamental fabric 
requirements as abrasion resistance, crease retention, wrinkle re- 
sistance, “hand” thermal conductivity and air-water permeability 
are explained in unusual detail in the second section of the book. 

Using wool as a yardstick for comparing fiber and fabric 
properties, Kaswell’s book brings you a complete study of all 
fibers including such recent synthetics as Dacron, Vicara, X-51, etc, 

Written primarily for textile chemists, physicists and engi- 
neers, the book will serve as an ideal reference source for all scien- 
tifically trained personnel in textile research, development, service, 
production or management. It may also be used profitably by 
those in the fields of plastics, polymers, rubber, leather, paper, 
and by garment manufacturers. 


1953 450 pages $10.00 
Order now for 10 days’ free examination 


REINHOLD 
PUBLISHING CORPORATION 
Dept. M-487 
330 West 42nd Street New York 36, N.Y. 
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NEW! 


DESIGN OF MACHINE 
ELEMENTS—2nd Edition Wi 


by M. F. SPOTTS, Professor of Machine Design, The Tech- disc 
nological Institute, Northwestern University val 
Greater _comprehensiveness and approachability are keynotes of this of « 
Second Edition. The unique chapter on dimensioning is now enlarged to are 


cover this important subject even more fully. Significant new topics in 
the Second Edition include: Material on critical speeds, shafts continuous 
over three supports, deflection of non-uniform shafts; standard wire sizes, 
commercial tolerances of helical springs, design equations for various kinds AN 
of rubber springs; new and up-to-date analytic methods for cam design; 
methods of selection for a work cycle consisting of several periods of different 
loads and speeds; methods for determining the number of teeth in the gears 
of a train to meet a specified speed ratio. 


Approx. 600 pages . . April 1958 Thi 
Just Published! pod 


RECURRENT ELECTRICAL lige 
TRANSIENTS 


by L. W. VON TERSCH, Assistant Professor of Electrical 
Engineering and Associate Engineer, Institute for Atomic 
Research, Iowa State College; and A. W. SWAGO, Lt. (Jg.), 
United States Naval Reserve 


This book is a study of the basic concepts and circuits which are common 
to many of the fields of electrical engineering and physics. Mastery of At 
such simple circuits as RC, RL, clipping, clamping, electrostatic sweep, givi 
Magnetic sweep, trigger, and multivibrators allows one to do constructive 


work on such subjects as television, nuclear instrumentation, electronic eee 
computers and various aspects of industrial control equipment. Tr , 
In the Prentice-Hall Electrical Engineering Series, W. L. EVERITT, Editor sis 
Approx. 400 pages . 5%x8% 1958 SEI 

INDUSTRIAL ELECTRONIC 
ENGINEERING 

by WELLS L. DAVIS, Babcock and Wilcox Tube Company, 

and HERMAN R. WEED, The Ohio State University An 
This book is designed for the advanced student in electrical or mechanical basi 
engineering for the purpose of developing a quantitative approach to the and 
design and understanding of industrial applications of electronics. Emphasis deta 
is on the method of analysis of general problems rather than a complete topi 
coverage of all possible topics. Among the subjects included as examples Met 


to develop the process of analysis are phototubes with relay and amplifier 
applications, timing circuits with resistance welder control as an example, 
servomechanisms with AC motor drive, crystal and metallic rectifiers and 
x-ray. 

Approx. 450 pages . 54%x8% . February, 1953 


Send for your copies today 


gE PRENTICE-HALL, INC. 70 FIFTH AVENUE, NEW YORK 11 
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NEW & FORTHCOMING BOOKS 


ILLUMINATION ENGINEERING. New 2nd Edition 
By Warren B. Boast, Iowa State College. 340 pages, $7.00. 


With complete revision, this text covers the fundamentals of illumination ter- 
minology, illuminating devices, and engineering applications. In a rigorous 
discussion, it deals with the spectral and spacial interrelationships among the 
various entities at the source and receiver surfaces, and engineering methods 
of design for both interior and exterior illumination systems. New chapters 
are added on color and the interreflection method of design, a major advance- 
ment in the past decade. Emphasis is upon an engineering approach. 


AMERICAN ELECTRICIANS’ HANDBOOK. New 7th Edition 


By TeErRELL Crort, Consulting Engineer. Revised by CiiFrorp C. Carr, 
Pratt Institute. 1773 pages (text edition), $7.50. 


This new revision, bringing the book into full accord with the latest edition of 
the National Electrical Code, provides a compilation of fundamentals, descrip- 
tions, methods, and data essential to the practical electrical worker in intel- 
ligently selecting, installing, maintaining, and operating electrical equipment. 


PRINCIPLES OF ALTERNATING CURRENT MACHINERY. 
New 4th Edition 


By Ratpa R. Lawrence,’ Massachusetts Institute of Technology; and 
Henry E. RicHarps, Northeastern University. Electrical Engineering 
Texts. Ready in April. 


A revision of a well-known text for senior electrical engineering students, 
giving a comprehensive analysis of the operation and characteristics of trans- 
formers, synchronous generators, synchronous motors, polyphase induction 
motors, single phase induction motors, series motors and repulsion motors. 
Treatment is highly analytical. - 


SERVOMECHANISM ANALYSIS 


By Georce J. THALER, U.S.N. Postgraduate School, and Ropert G. Brown, 
Senior Project Engineer, General Motors Corporation, Milwaukee, Wis- 
consin. , —— Electrical and Electronic Engineering Series. 414 
pages, $7.50. 


A new approach emphasizing analysis as preliminary to design, this text offers 

basic definitions and necessary background material: the Laplace transformation 

and equations of physical systems. A full and complete discussion follows, 

detailing mathematical methods for the analysis of servo systems. Special 

a include sections on Relay Servomechanisms and on the Root Locus 
et 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street = New York 36, N.Y. 
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ENGINEERING 


ENGINEERING MANUFACTURING METHODS ST. 
By Gitpert S. SCHALLER, University of Washington. 613 pages, $7.00. 

An important new text for the standard course in manufacturing processes An 

covering all the major aspects of engineering manufacture. Founding, ma- meal 

chining and welding are presented at length, while hot shaping, cold shaping, Th 

thermal treatment, and engineering materials are treated in less detail. The . 

sections on metal-casting and welding are outstanding. Full consideration is lum: 


given to recent technological development and newer engineering materials. 
Manufacturing methods are closely correlated with engineering design and 


materials. ES) 
GAS TURBINE ANALYSIS AND PRACTICE Bes 
By B. H. Jennincs and W. L. Rocers, Northwestern University. In press. the 
and 


The role of the gas turbine in the past, present & future is covered in this text. 
After providing a solid ground of engineering fundamentals, the author then 
applies these to specific components of the gas turbine power plant. Close at- 
tention is paid to stresses and construction materials, and the thermodynamic 
aspects of design. A complete set of Air Tables and Combustion Gas Charts HI 
is included. 


Her 

ELEMENTS OF INTERNAL COMBUSTION ENGINES eh 

By A. R. Rocowsk1, Massachusetts Institute of Technology. Ready in May thre 

This text is designed for the engineering student who does not wish to specialize pao 
in engines, but wishes a knowledge of the elements of the internal combustion 
engine. Here is a study of the effects of engine operating conditions on the 
physical and chemical processes occurring within the engine. The book is not 

intended to be concerned with maintenance or repair or design. SU 

WELDING ENGINEERING 

By Bontrace E. Rossi, Pressure Vessel Research Committee, New York Thi 

City. Ready for fall classes. a 

com 

A volume to familiarize students with fundamental facts about welding, to of- Mu 
fer the working engineer a wider understanding, and to serve as a reference 

work. This text covers all welding processes, metals and their weldability, —— 

design and fabrication considerations in welding, and testing and inspection. clea 


Send for copie|" ¢Pprov 
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330 West 42nd Street _ 
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STATICALLY INDETERMINATE STRUCTURES 
By C. K. Wane, University of Colorado. 424 pages, $7.50. 


An inclusive and illustrative text treating with simplicity and close detail the 
methods and principles involved in analyzing statically indeterminate structures. 
The text further includes a review of techniques and principles of statics as il- 
luminating and prerequisite to the understanding of indeterminates. 


ESTIMATING CONSTRUCTION COSTS : 
By R. L. Peurtiroy, A. and M. College of Texas. 315 pages, $5.50. 


A well-organized book presenting the principles involved in estimating costs of 
the construction of engineering projects, including labor, equipment, materials, 
and operational expenses, here is a valuable volume for the civil engineer, 
architect, estimator, and contractor. 


HISTORY OF STRENGTH OF MATERIALS 
By S. TrmosHENKo, Stanford University. In press. 


Here is a book for engineering mechanics students who, having a knowledge of 
strength of materials and theory of structures, wish to pursue their search 
through the history of development of these sciences from the beginnings to 
the present. The book includes short bibliographies of prominent scientists 
and engineers who have made major contributions in the field. 


SURVEYING: THEORY AND PRACTICE. New 4th Edition 


By Raymonp E. Davis, formerly of University of California, and Francis 
S. Foote, University of California, Berkeley. Ready in June. 


This leading text and reference, thoroughly revised, covers elementary phases 
in considerable detail: fundamental relationships and techniques, operations 
common to all branches of surveying, and practice as extended to entire surveys. 
Much new material has been added. Emphasizing precision of measurement, 
computation, and plotting, this text is extremely thorough in its correct and 
clear treatment. 


on approval 


BOOK COMPANY 


New York 36, N. Y. 


A COMPLETE 
PRINTING 
. 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS -: BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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FIELDS 


SIMPLIFIED DRAFTING PRACTICE 


dy L. HEALy and Artuur H. Rau, both at General 
Electric Company 


This book marks the first major change in industrial draft- 
ing in years. It offers methods that are radically new and 
vitally necessary to keep in step with modern industrial prog- 
ress; it provides students with the necessary background and 
technique needed in tomorrow’s streamlined drafting rooms. 
Healy and Rau’s methods are designed to strip drafting of its 
frills yet surrender nothing in either clarity of presentation or 
accuracy of dimension. Simplified Drafting Practice presents 
easy-to-understand, easy-to-apply data on freehand drawing, 
the use of symbols, mechanical aids, abbreviations, arrowless 
dimensioning, legible lettering, tolerances, drawing forms and 
related routines, and reproduction processes. These revolu- 
tionary techniques can reduce the average draftman’s drawing 
time 20 to 30%. 

March 1953 156 pages Student edition $4.00 


SEWERAGE AND SEWAGE TREATMENT 


Seventh Edition by E. Bassirt, University of Illinois 

This sanitary engineering “classic” has been revised to focus attention 
on the many new contributions to bit, treatment and stream-pollution, 
on the interesting problem of the disposal of radioactive wastes, and on new 
standards of specification and design prepared by various state boards of 
health. Babbitt also takes into consideration the growing concern for the 
conservation of materials and resources and the recovery of values from 
industrial wastes. 


March 1953 674 pages $8.00 


AND WAVES IN MODERN RADIO 


Second Edition by Simon Ramo, Hughes Aircraft Company; and 
Joun R. Wuinnery, University of California, Berkeley 

Complete with all the features that made the first edition the simplest 
yet most thorough treatment of essential electro-magnetic theory in present- 
day radio, this book now includes: new material on horns, slot antennas, 
paraboloids, and receiving antennas; new material on slow-wave guiding 
structures and other miscellaneous guiding systems; a whole new chapter 
on microwave networks; new illustrations to support new material; and new 
and more problems. 

May 1953 Approx. 547 pages Prob. $8.00 


PROTECTIVE ATMOSPHERES 


by A. G. Horcuxiss and H. M. Wesser, doth at General Electric Company 

The most practical and up-to-date book on protective atmospheres— 
designed to give students a firm, working understanding and enc 
of the subject. The approach is simple, providing a straightforward ex- 
planation of the fundamentals. It covers the properties and relative costs 
of the gases; how they are made, why they are used, and finally what troubles 
may be encountered in their use and what to do about them. 


May 1953 Approx. 304 pages Prob. $7.50 


EXAMINATION COPIES AVAILABLE ON REQUEST 
SEE PAGE 12 FOR NEWS OF OTHER WILEY BOOKS 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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BASIC 


MECHANICS{OF FLUIDS 


by Hunter Rouse and J. W. Howe, both at The State University of Iowa 

This book retains the same basic features that attracted favorable com- 
ments on Rouse’s Elementary Mechanics of Fluids. It is a simplified ap- 
proach to the subject, with stress on the development of the fundamental 
principles of mechanics, and expert application of principles to practical 
situations. Some of the features: Hydrostatics placed first and given ‘first’ 
place; one-dimensional analysis combined with other pertinent material; 
use of experimental methods, phere J model testing outlined; 400 en- 
tirely new problems apply to all engineering enterprises involving fluid me- 
chanics; excellent diagrams, charts and pictures supplementing text material; 
and throughout the book, a continuous theme applying basic principles, 
regardless of fluid type, to all problems of flow—up to the point of juncture 
with thermodynamics. 


April 1953 Approx. 246 pages _— Prob. $4.50 


Introduction to the Theory of the Functions of 
COMPLEX VARIABLES 


= --------- 


by W. J. Turon, Washington University 
A rigorous treatment of the subject that is designed to fill the need for 

an introduction to functions of complex variables in which all the results 
are derived from a simple set of axioms. A pre-publication reviewer suc- 
cinctly sums up the book’s features: “‘. . . covers just the right amount of 
ground and is quite modern in its approach to the subject matter . . . the 
author never misses an opportunity to relate the subject matter to the 
modern theory of linear or topological spaces.” 

March 1953 230 pages $6.50 


LECTRIC CONTROL SYSTEMS 


Third Edition by Ricuarp W. Jones, Northwestern Technological Institute 

Provides a link between the texts in electric machinery and those dealing 
with the more advanced analysis of feedback control. The subjects of 
electric machinery, electronics, circuits, and transients are integrated to 
aid the student in developing a sound understanding of control systems. 
The —— underlying motor operation are reviewed and extended, and 
the characteristics of control devices are analyzed, leading to the basic ideas 
involved in feedback control systems. 

March 1953 511 pages $7.75 


Introduction to 


by A. Cuarnes, W. W. Cooper, and A. HENDERSON 
all at the Carnegie Institute of Technology 
This book provides methods of linear programming at a variety of 
levels. A simple, concrete numerical problem is developed with accom- 
panying literary explanations and economic interpretations. The problem 
illustrates a characteristic industrial application in such fashion that the 
tools of economic analysis and common sense can be used in comprehension. 
All the material is supported and extended by an accompanying mathe- 
matical development. 
February 1953 74 pages $2.50 


EXAMINATION COPIES AVAILABLE ON REQUEST. 
SEE PAGE 11 FOR NEWS OF OTHER WILEY BOOKS 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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pm President Woolrich represented the 
ASEE at a European Conference on En- 
gineering Education held in London dur- 
ing the week of January 19-23. The 
Conference was also attended by delegates 
from Belgium, Denmark, France, Ger- 
many, Holland, Italy, Norway, Sweden, 
Switzerland, and the United Kingdom. 
Dean Saville and Col. L. F. Grant repre- 
sented the ECPD at this conference. A 
report on the conference will be presented 
at the Annual Meeting at Gainesville. 
Several European representatives have 
expressed a desire to form a society for 
engineering education similar to ASEE. 


& From Dr. L. E. Grinter, Chairman 
of the Committee on Evaluation of Engi- 
neering Education, comes the report that 
the Committee has held three meetings in 
its comprehensive investigation of the or- 
ganization, curricular content, and teach- 
ing methods of engineering education. A 
large number of engineering colleges have 
appointed local committees to cooperate 
with the ASEE Committee in studying 
various phases of this program. A con- 
tribution of $3,000 has been received from 
the Engineering Foundation for this 
project and additional funds have been 
pledged by the Engineering Societies mak- 
ing up the Engineers’ Council for Pro- 
fessional Development. 


B® A conference was arranged by the 
ECAC with administrative officials of the 
Mutual Security Agency (MSA) and 
the Technical Cooperation Administration 
(TCA) to discuss the government’s for- 
eign assistance programs in the fields of 
technological education and research. As 
a means of furthering this constructive 
relationship, both MSA and TCA have 
asked ASEE to appoint an Advisory 
Committee to assist them in future plan- 
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ning. Dr. Ralph Morgen, Program Di- 
rector for Engineering of the National 
Science Foundation, is Chairman of the 
newly appointed Advisory Committee. 


B® The Report of the Committee on Im- 
provement of Teaching has received high 
commendation not only from members of 
the Society, but also from many leading 
organizations and individuals outside the 
ASEE. Over 10,000 copies have been 
sent to engineering colleges for distribu- 
tion to faculty members. The second 
printing of this report is nearly gone. 
Price, 15¢ per copy for less than 100 or 
$8.00 per hundred. 


B® A project of considerable signifi- 
cance to engineering education is the pro- 
gram of the Teaching Aids Committee. 
This Committee is reviewing Teaching 
Aids in the fields of Civil Engineering, 
Electrical Engineering, Mechanical Engi- 
neering, Mechanics, Physics, and Mathe- 
matics. Carl Muhlenbruch, Chairman, 
says that the bulletin listing Teaching 
Aids of acceptable quality for engineer- 
ing instruction will be available about the 
time of the Annual Meeting in June. 


B® The ASEE has joined the Engineers’ 
Joint Council under the Council’s new 
plan of expansion to unify the engineer- 
ing profession. Dean Saville will serve 
as the Society’s first representative. He 
was elected as Vice President of EJC at 
the organizational meeting, January 23. 


B® The Paper Contest announced earlier 
this year for Young Engineering Teach- 
ers has received the enthusiastic approval 
of the younger faculty members through- 
out the country. The awards of $200 and 
$100 for the two winning papers will be 
presented at the Annual Banquet of the 
Society at Gainesville, Florida. 
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B® Dean C. J. Freund, Chairman of the 
ASEE Committee on Promotion of Ethi- 
cal Standards, is conducting a study to 
determine the extent to which ethical con- 
cepts of the profession have been assimi- 
lated into engineering education. A pre- 
liminary report will be presented at the 
Annual Meeting of the Society. 


B® Did you notice that this issue of the 
Journal contains the first advertisements 
of teaching positions in engineering col- 
leges and technical institutes? This is a 
new service to the individual membership 
of the Society as well as to institutional 
members. It is hoped that these adver- 
tisements might serve not only to place 
teachers in positions commensurate with 
their interests and abilities, but also to 
entice capable scientists and engineers 
from industry into the teaching profes- 
sion, thus reversing the recent trends. 


B® Dean Lampe, Vice-President of 
ASEE, arranged several conferences be- 
tween ECAC and ROTC officials last Fall 
to clarify matters of ROTC policy. This 
resulted in an official statement of policy 
by the Airforee ROTC and clarification 
of Army policy. Dean Lampe also states 
that the ECAC Committee on Secondary 
Schools is making significant progress in 
bringing divergent views to bear upon the 
problem of High School-College articula- 
tion. 


B® Mr. D. Bridgman, Chairman of the 
ECAC Manpower Committee, will pre- 
sent an overall analysis of the manpower 
situation which will consider the effects 
of increased ROTC quotas, increased Se- 
lective Service calls, ete. A problem of 
grave concern is the prospect of vanish- 
ing graduate enrollments, resulting from 
the combined effects of ROTC and Selec- 
tive Service. 


B® The ECAC Committee on Interna- 
tional Relations will hold a conference 
and a dinner meeting at the Annual Meet- 
ing of the Society. Invitations are being 
sent to educators in all foreign lands out- 
side the Iron Curtain. 


DID YOU KNOW THAT— 


B® Vice-President Eric Walker vows 
that the ECRC’s new Directory of Cur- 
rent Research will be available before the 
Annual Meeting in June. This year the 
ECRC will invite Associate Institutional 
Members to participate in its activities at 
the Annual Meeting in Gainesville. 


B® The ECRC Committee on Relations 
with the Federal Government, Dr. R. J. 
Woodrow, Chairman, has done yeoman 
service in keeping deans of engineering 
colleges and directors of research in- 
formed on current research policies and 
practices of the government. 


B® The Relations With Industry Divi- 
sion held its semi-annual meeting at 
Northwestern University, with an attend- 
ance of over 300 industrial representatives 
and educators on January 31. An out- 
standing program dealing with the recog- 
nition and encouragement of potential 
engineering talent in high schools, the 
better utilization of engineering man- 
power, personal motivations in industry, 
and the continued learning processes of 
the engineer after graduation, made this 
meeting an outstanding occasion. 

B® The Engineering Drawing Division 
held a highly successful Mid-Winter Meet- 
ing January 29-31 at the University of 
Nebraska. Papers dealt with the oppor- 
tunities and responsibilities of drawing 
departments, manufacturing and design 
problems, and other subjects of interest 
to drawing teachers. 


B The Cooperative Engineering Edu- 
cation Division held its Mid-Winter Meet- 
ing at Fenn College, January 22-23. 
Its “Work-Shop” program consisting of 
round-table discussions on administrative 
problems and operational techniques is a 
highly constructive feature of the Mid- 
Winter Meetings. 


B® The Industrial Engineering Division 
of ASEE is planning a summer school to 
precede the Annual Meeting at Gaines- 
ville. A stimulating and constructive pro- 
gram which will appeal to all industrial 
engineering teachers is being planned. 
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p Also, the General Electric Company, 
in cooperation with the Educational Meth- 
ods Division of the Society, will again 
sponsor a summer school, presenting some 
of the material of the advanced engineer- 
ing program. This summer school was 
highly commended by those who attended 
last year. 


p Vice-President W. C. White has an- 
nounced that preliminary returns on the 
Conference Programs for the Annual 
Meeting at the University of Florida are 
highly encouraging. The Divisions and 
Committees of the Society have selected 
program material and speakers which as- 
sure a vigorous and constructive approach 
io the many challenging problems in engi- 
neering education. 


p The ECRC will have a General Ses- 
sion around the theme “Encouragement 
of Fundamental Research as an Aid to 
Education in Engineering,” with nation- 
ally prominent speakers. . . . The other 
General Sessions will also be on subjects 
of vital interest to the membership, and 
will have speakers of national distinction. 
... A unique feature of the Annual 
Meeting will be a General Session on 
Monday afternoon dealing withthe prin- 
cipal ASEE projects now in progress. 
This will include an open-forum discus- 
sion to bring the membership into more 
active participation in the constructive 
work of the Society. .. . The Engineer- 
ing Economy Division has arranged a 
program containing a number of leading 
economists in industry on subjects of sig- 
nificance to all engineering educators. . . . 
The Mathematics Division has arranged to 
have Dr. Curtiss of the National Bureau 
of Standards, a nationally recognized au- 
thority, present several lectures on Elec- 
tronic Digital Computers. . . . The Atomic 
Energy Committee is again holding a con- 
ference on Atomic Energy Education, a 
repeat on last year’s highly successful con- 
ference. . . . More on the Annual Meet- 


ing program in the April issue. 
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B® The local planning committee at the 
University of Florida is doing a splendid 
job in arranging for facilities and recre- 
ational plans for the Annual Meeting. 
They assure us that they have complete 
control of the weather in June! 


B® Vice-President Boring reports that 
most of the Section Meetings have had 
larger attendance than any previous meet- 
ings and that the programs have been 
pointed at issues of vital current interest 
to engineering educators. Most of the 
Sections have taken active steps to bring 
younger faculty members into participa- 
tion in Society functions—a prime objec- 
tive of the Society. 


®& A salute to the excellent work of the 
ASEE Divisions which publish their own 
quarterly or semi-annual publications— 
the Civil Engineering Bulletin, Journal of 
Engineering Drawing, Machine Design 
Bulletin, Heat Power News, and Chemical 
Engineering Abstracts. These are self- 
financing projects which perform a dis- 
tinguished service in engineering educa- 
tion. 


B® Did you notice the new advertising 
in the Journal? Professor Watson, our 
new Assistant Secretary, estimates the 
increased revenue to exceed $3000. 


B® Two new active committees, not pre- 
viously mentioned, which were appointed 
this year, are the Committee on Recogni- 
tion and Incentives for Engineering Edu- 
cation, with Dean E. R. Stapley as Chair- 
man, and the Committee on Improvement 
of Society Functions, with Dean B. R. 
Teare, Chairman. 

B® The Fall Meetings of the ECRC, 
ECAC, and General Council will be held 
in conjunction with the Annual Meeting 
of ECPD at the Statler Hotel, New York, 
October 15-17, 1953. 


B® Will see you at Gainesville, 


ARTHUR BRONWELL, 
Secretary 
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The Nation’s Florida—Everybody’s Playground 


ASEE Annual Meeting, June 22-26, 1953, University 
of Florida, Gainesville, Florida 


By HAROLD COLEE 


FLORIDA belongs to the nation... 


The French have a saying, “Everybody 
has two countries—his own and France.” 
Its popularity as a mecea for tourists has 
been achieved by the psychology of that 
kind of thinking. France surrenders to 
the invasion of its cosmopolitan visitors 
with a fine Gallic sense of values. 

Floridians, too, might well say, “Every- 
one is a citizen of two states—his own 
and Florida,” .. . for Florida truly be- 
longs to the nation, and to everybody in 
it. Indeed, it is fast assuming the pro- 
portions of an international resort area, 
welcoming in ever-increasing numbers 
Canadians and Latin-Americans. 

Florida is a national asset—without 
peer. 

Can you imagine America without it? 

Picture, if you can, the southeast corner 
of the United States neatly carved off at 
a point somewhere north of Jacksonville, 
eurving gently into the northern shoreline 
of the Gulf of Mexico, with the lush, sub- 
tropical peninsula only a misty mirage 
against the merging blues of the southern 
horizon. 

No Florida? What would our nation 
be without it—except, possibly, a bless- 
ing to cartographers who seem reluctant 
to map Florida in one piece and without 
confusing mutilation. Florida is a united 
state, as we boasted in the war year of 
1941, and we like to see it united geo- 
graphically as a bountiful nature con- 
ceived and formed it. Surely, it is God’s 
gift to the American people, and to the 
peoples of all the Americas. 


and to everyone in it. 


Geologists are not precisely agreed on 
the period of Florida’s existence, but 
we like to think of it as being blue- 
printed from the very beginning by the 
Creator; for surely, the mind of man 
could not conceive it, much as he seeks 
now to improve it. Geologists do know 
that Florida was here in the Pleistocene 
Age from the ancient rock foundation 
and its gentle steppes of alluvial deposits 
—as opposed to the theory of sands piled 
up on fragile coral reefs. No, Florida is 
the handiwork of the Great Architect, 
built solidly on the rock of ages to last 
forever, that untold future generations 
might, too, enjoy its myriad blessings. 

Physically, some see Florida as a taper- 
ing finger curving gracefully into the 
tropical Gulf, pointing southward as a 
silent invitation to its northern friends 
and neighbors. Florida is inviting, but we 
in the Florida State Chamber of Com- 
merce like to visualize it as a horn of 
plenty—a giant cornucopia swinging up- 
ward into the broad, open expanse of its 
northern borders, from which flows the 
rich bounty of its farms, groves, mines 
and forests. 


Citrus Industry 


Gushing forth is a veritable Niagara of 
golden, health-giving citrus (119 million 
boxes last year valued at $190 million), a 
torrent of rich green winter vegetables 
and other crops of farm and grove; a 
bountiful flow of forest products: pulp, 
paper and kraft board ...a_ silver 
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stream of phosphate (70% of the world’s 
total) . . . of limerock and other min- 
erals ... and the abundant harvest of 
the sea. 

These products of Florida plus an 
expanding variety of manufactured goods, 
ranging from native handcraft to elec- 
tronics, offer ample evidence of the state’s 
balanced economy, of year-round employ- 
ment and growing payrolls. 

Productivity is high because of the 
healthful, energizing climate; and ab- 
senteeism due to inclement weather, dan- 
gerous driving conditions and the common 
cold, is almost unknown. 

Florida is a working state, but its 
greateset claim to fame and largest source 
of income lies in its incomparable charm 
as “Vacation-land, U. S. A.” 

Claim to this tile is due primarily to 
its unique geographical position between 
the 31st and 24th parallels, north lati- 
tude. We are not, however, technically 
within the tropics, being one hundred 
miles north of the Tropic of Cancer. The 
southern tip of Florida is nearer the 
equator than any other portion of conti- 
nental United States. Miami is 500 miles 
south of San Diego, California. In this 
insular position between the broad ex- 
panse of the Atlantic and broad reaches 
of the Gulf of Mexico, Florida is bathed 
with cool trade winds in summer and 
warm breezes in winter, tempering the 
extremes at all times. 

Another Florida “believe-it-or-not” is: 
although an Eastern seaboard state, 
Florida’s northern metropolis, Jackson- 
ville, is directly beneath Cleveland and 
Pensacola below Chicago. A line drawn 
from Maine’s northeast coastline would 
run 837 miles east of Jacksonville. All 
of South America lies east of Florida. 
Thus, Florida properly belongs in the 
Central Time Zone, but except for Pensa- 
cola, we set our clocks with those of the 
East. 

South of the so-called Deep South, 
Florida is populated largely by North- 
erners and natives of other states, and 
the weleomed invasion of new citizens has 


continued for the past ten or fifteen years 
at the rate of a thousand a week. 


Latin-American Trade and Culture 


Florida, too, is near more foreign na- 
tions than any other state, and virtually 
is in the center of the Americas, whose 
peoples visit here in mounting numbers. 
Latin-American trade and culture has 
been developed to such a degree that 
Spanish is now being taught in the ele- 
mentary schools of Dade (Miami) and 
Hillsborough (Tampa) counties. A $40 
million Inter-American Cultural and 
Trade Center will soon be under con- 
struction in Miami to strengthen and 
encourage this good neighbor policy. As 
a result, the southern peninsula is acquir- 
ing a cosmopolitan air and succeeding 
generations will, in all probability, be- 
come bi-lingual, speaking Spanish or 
Portuguese as well as English. — 

Florida is big. The tapering formation 
of the peninsula deceptively belies its true 
expansiveness—54,262 square land miles, 
comparable in area to Iowa or Michigan 
and a trifle larger than New York State. 
Motorists are sometimes amazed to learn 
508 miles separate Jacksonville from Key 
West—834 miles between Key West and 
Pensacola; and Pensacola is due west 
from Jacksonville a distance of 370 miles; 
and across the state from Miami to 
Tampa, 260 miles. 


“V acationland”’ 


All of Florida is “vacationland,” offer- 
ing varied charm ranging from the quaint 
old-south complexion of the northwest 
counties to the Spanish atmosphere of 
Tampa and Key West, and the sub- 
tropical glamour of the famous Gold 
Coast. Depending upon individual pref- 
erence, one will find tourist accommoda- 
tions to fit everyone’s vacation budget. 

Florida is host to the nation, last year 
providing for 4,800,000 visitors and from 
whom was derived the immense sum of 
$840,000,000. Where did these people 


come from? Nearly half of them came 
from nearby Southeastern states; nearly 
20 per cent from Middle Atlantic states 
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(New York, New Jersey, Pennsylvania) ; 
16 per cent came from Ohio, Indiana, 
Illinois, Michigan and Wisconsin; and 
between three and four per cent each 
from New England, the Southwest, North 
Central Pacific Coast and Latin-America. 
Canada and other foreign nations: were 
represented by half of one per cent. 
Citizens from every state in the union 
and possessions were registered last year 
in Florida hotels. 

Modes of travel differed but it is esti- 
mated that nearly half of the visitors 
traveled by automobile. Twenty-four per 
cent, or 1,152,000 came by train; 19 per 
cent, or 912,000 by bus; and eight per 
cent, or 384,000 by plane. 

. . Where do these vast numbers of 
folks stay? ... How are they housed? 
... fed? ... entertained? It is a large 
order, but Florida is geared to it and is 
constantly expanding its facilities to meet 
the increased demand. 

More than 30,000 hotels, apartment and 
rooming houses, motels and cottage colo- 
nies provide some 575,000 rooms for our 
visitors; while 13,000 restaurants can seat 
at one time about 600,000 persons. The 
daily food consumption would feed an 
army, and much of it is raised within the 
state from our own farms, groves and 
cattle ranges. Catering to the needs, 
comfort and entertainment of our guests 
are thousands of cooks, waitresses and 
other service people imbued with the tra- 
ditions of southern courtesy whose wel- 
come is always friendly and whose fare- 
well is the invariable admonition, “Come 
back and see us, he-ah?” 

Yes, Florida extends a warm welcome 
to its visitors in keeping with its cli- 
mate. Typical Northerners, on their first 
visit, find it hard to realize that the de- 
lightfully balmy air of a warm June night 
can prevail such a few short air miles 
from freezing temperatures and knee- 
deep snow. They marvel at the rich 
green foliage, the vivid coloring of tropi- 
eal flowers blooming in profusion through 
the midwinter months. 

The clear blue of the Florida sky 
banked with billowing white clouds, the 


star-lit night and brilliant moonlight .. . 
are revelations in natural beauty to the 
new visitor. But who has not seen and 
enjoyed these familiar Florida scences? 
Despite the millions who have come here 
and the thousands of newcomers at- 
tracted each year, new generations will 
continue to come and marvel to the end 
of time. 


Summer Vacation Spot 


When it’s June in January many new 
visitors ask, “What must it be like in 
July and August?” A logical process of 
reasoning leads to the belief that the 
weather must naturally become increas- 
ingly warmer through the spring and 
summer; but this is not true—as millions 
of summer vacationers have happily 
learned. Paradoxically, “fabulous Flor- 
ida” is warm in winter, cool in summer 
. .. like the ancient fable of the man 
who blew to warm his hands and blew 
again to cool his soup. Florida winds 
do both. 

Have you ever seen newsphotos of 
Floridians sleeping on fire escapes or in 
public parks to avoid the heat? Have 
you ever heard of sunstroke or heat pros- 
tration in Florida cities? No, never, be- 
eause the Peninsula State is air-condi- 
tioned by nature; and the system never 
fails. Summer nights are cool following 
the hottest day. 

Occasionally sumer heat waves from 
the North and West penetrate into the 
Florida peninsula, as do nation-deep cold 
fronts of winter; but when it is un- 
comfortably warm here, it is invariably 
warmer there, and when it is chilly here, 
it is much colder there. This statement 
ean be verified in the weather report in 
your daily newspapers. 

Known the world over as a delightful 
winter resort, Florida is becoming equally 
famed as a summer vacation-land with 
an increasing number of visitors arriving 
during July and August. Last year 
nearly 1,500,000 tourists came here in mid- 
summer to enjoy themselves for rest, 
recreation and physical refreshment. 

The summer season offers many more 
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Florida’s 3,800 square miles of inland water makes an ideal playground for the small 
boat owner and ardent fisherman. Bass, bream and crappie fishing will reach the peak in 


Florida during the winter months. 


attractions, much more in the way of 
sports and entertainment and at a con- 
siderably less cost than at the peak of the 
winter season. The beaches of Florida’s 
nearly 2000 mile salt-water shoreline are 
at their best, crowded with carefree va- 
eationers from sun-up until dark. Fish- 
ing is also at its peak in summer months 
in some 30,000 fresh water lakes and 
rivers, as well as for deep-sea angling 
and the popular surf-casting. Recreation 
centers, resorts and attractions are 
crowded with vacationers. All Florida 
seems to take on a carnival air in sum- 
mertime as thousands of pleasure-loving 
Floridians join their visitors in enjoying 
themselves in the great out-of-doors. 
Seasonal fluctuations are less notice- 
able in recent years, and spring and fall 
vacations are growing in popularity. 
Autumn holds special appeal for the 
hunter aware of the variety of game 
birds and other wildlife with which Florida 
abounds. The early flights of waterfowl 
and other migrant game birds provide 


good shooting and limit bags for visiting 
nimrods. Many others come to this state 
before the advent of wintry weather and 
to avoid the chill gray days of October 
and November. They have learned, too, 
that the early visitor finds a better choice 
of accommodations and that seasonal res- 
ervations are usually more economical. 

Easter vacation periods bring an in- 
flux of families during the school holidays 
as a preview of summer and to break the 
monotony of prolonged northern winters. 
In fact, the Florida tourist season seems 
to continue uninterruptedly around the 
calendar. Each year the so-called winter 
season seems to start earlier and last 
longer; while summer business is begin- 
ning to show signs of extending from 
Spring to Fall. 


Where to Go and What to Do 


Whatever the season, newcomers are 
often perplexed as to where to go and 
what to do. If they have written the 
State Advertising Commission, the State 
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Chamber or local chambers of commerce 
for literature, they are probably over- 
whelmed with the multiple attractions de- 
scribed on the East Coast and Central 
Florida and in the historical Northwest. 
Truly, one section of the state seems to 
offer more attraction than another—even 
discounting the usual superlatives of 
travel folder descriptions. Much depends 
on your tastes. 

Season visitors to the West Coast look 
down their noses at East Coast devotees 
—and vice versa. Big city fans who 
enjoy metropolitan attractions cannot un- 
derstand people who “bury themselves” 
in small interior towns. South Florida 
regulars scoff at those who prefer North 
Florida areas, and so it goes ad infinitum. 
Personal preferences, happily, distribute 
the millions of visitors fairly evenly 
throughout the state, according to indi- 
vidual tastes. 

The State Chamber, like a doting father 
with many children, has no favorites, 
recognizing in each section of the state 
certain regional advantages and few, if 
any, faults. However, the visitor able 
to do so should try to see all Florida 
before deciding definitely where to stay. 
This is especially desirable when contem- 
plating permanent residence here. 

Throughout the state, vacationers will 
find an unbelievable variety of interesting 
things to see and do. For the nature 
lover, Florida can offer some of the most 
beautiful sub-tropical scenery in the 
world—glistening beaches, graceful palms, 
gay exotic flowers, bright clear skies and 
sparkling waters. 

From the beaches of either coast it is 
but a few minutes drive to the great 
stretches of state parks where nature, 
untouched, offers scenes of primitive 
grandeur. More than 30,000 named lakes, 
and streams provide unparalleled fishing 
and boating. No matter what season of 
the year, you will find a great variety of 
things to see and do. Sports fans will 
find the season full with major events: 
regattas, racing, rodeos, golf and tennis 
tournaments, swimming meets and major 
league baseball games. Florida’s pageants 


and festivals are world famous, and run 
through the calendar in various parts of 
the state. Attendance at such festivities 
is not costly and many of them are free. 


Motor Trips 


A motorist approaching along the At- 
lantie coast will find numerous interesting 
spots and stops: Fernandina, site of some 
of Florida’s most colorful history; Jack- 
sonville, northern metropolis; St. Augus- 
tine, America’s oldest city, with its ancient 
Spanish fort and historical building, its 
alligator and ostrich farms, and museums; 
Marineland with its trained porpoises and 
vast display of live marine life; Daytona 
Beach, where auto and motorcycle races 
are run on the broad smooth sands; 
numerous lovely tropical gardens; beauti- 
ful beach resorts, the Palm Beaches and 
the Gold Coast’s famed Miami area cities 
and suburbs, offering inexhaustible sources 
of interest and enjoyment. 

One of the most unusual motoring trips 
is that from Miami to Key West over 
122 miles of the famed Overseas High- 
way. This roadway, which is actually a 
series of bridges from key to key, passes 
over more water than land on its course 
to Key West. There is excellent fishing 
along the way, and many places for 
pleasant stopovers while enjoying the 
journey. Unusual food is available in 
this section: turtle steaks, conch chowders, 
and lime pies being among the favorites 
of theepicure. The lower keys are steeped 
in legends of lost Spanish gold, and 
buried pirate loot. The Spanish Fiotilla, 
the Great Treasure Fleet of the Con- 
quistadores, had ships wrecked on the 
ragged reefs of these waters. Millions in 
gold were reputed to have been lost and 
the seagoing hijackers of a later period 
are believed to have cached much booty 
on lonely little keys now crossed by the 
unique motor seaway. 


Everglades National Park 


One of the most unusual attractions in 
America is the Everglades National Park. 
This vast wildlife sanctuary can be 
reached via U. S. Highway 1 south to 
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Beacu, Fla.—Palms, sea, and sand, 
along with the famous Florida sun make this 
fabulous beach a Mecca’ for winter and 
summer visitors. 


Homestead where well-marked trails lead 
the visitor to the numerous points where 
there are nature walks. In winter it is 
possible to observe much of the park’s 
native wildlife—alligators, egrets, water 
turkeys, wood ibis, pelicans, deer and 
other game. The jungle-like, subtropical 
vegetation holds great fascination for the 
visitor; such trees as the gumbo-limbo, 
paradise tree, and strangler fig; and wild 
orchids and native ferns which abound in 
this natural setting. Audubon Wildlife 
tours are conducted from Miami to the 
park during the winter season, and bus 
lines include a portion of the park in 
special tours. 

Crossing the state from Miami to the 
Gulf Coast along the Tamiami Trail, the 
traveler passes through Everglades 
country. On either side of the highway 
is a great sea of saw grass and palmetto. 
A short way off the highway, the interior 
will often reward the nature lover with 
a view of rare flowers and tropical birds. 
Arriving at Fort Myers, once the winter 
home of Thomas A. Edison, one finds a 


beautiful city celebrated also for its sports 
fishing. A visit to Edison Gardens is a 
pleasant interlude, featuring unusual 


Lake Wates, Fla.—Florida’s Singing 
Tower is a memorial to Edward W. Bok, 
noted journalist and Nobel Prize winner. 
The area surrounding the tower is a bird 
sanctuary and garden. The tower’s carillon 
of 71 bells is played for concerts during the 
winter season. 
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tropical plants collected from the faraway 
tropics by Mr. Edison himself. 

Sarasota, winter home of the great 
Ringling Brothers circus, is also the site 
of the Ringling home and Museum of 
Art, the latter willed to the State of 
Florida by the late John Ringling. In 
this central Gulf section, facing each 
other across the bay, are two of Florida’s 
most charming vacation cities, St. Peters- 
burg, and Tampa. Northward from this 
point stretch miles of unspoiled native 
scenery. 

The visitor will not wish to miss the 
central section of the peninsula. Here 
in the rolling hills are miles of sweet- 
scented citrus groves, packing houses and 
processing plants. Miles of rich pasture 
land support Florida’s huge cattle in- 
dustry, famous for its humped-back 
Brahman crossbreeds, truck farming and 
dairy business. 


The Central Interior 


In the central interior of the Ridge 
Section may be found delightful scenic 
splendor and attractions, including the 
Bok Tower at Lake Wales. The 71-bell 
earillon presents concerts through the 
winter season. Within the same area is 
a new attraction, The Great Masterpiece, 
a huge mosaic reproduction of Leonardo 
da Vinci’s magnificient painting, The Last 
Supper. Cypress Gardens at Winter 
Haven puts on breath-taking water ski 
shows daily in a beautiful setting of 


tropical shrubs and colorful flowers known 
as a photographer’s paradise. 

The motorist driving northward through 
the center of the state will be richly re- 
warded with visits to the central metrop- 
olis of Orlando; Sanford on beautiful 
Lake Monroe; and on up the St. John’s 
riverlands to DeLand, home of Stetson 
University; to Ocala and famous Silver 
Springs; to Gainesville made great by the 
great University of Florida, and on to 
Tallahassee, State Capital and home of 
Florida State University and Florida 
A. & M. Other fine institutions of higher 
learning are the University of Miamo and 
the University of Tampa, Rollins College 
at Winter Park, Southern College at Lake- 
land and several junior colleges and pri- 
vate schools. Florida takes its education 
seriously and is expanding its facilities 
to meet the demands of its mounting 
population and out-of-state students. 

Florida, with all its advantages, holds 
magnetic attraction for old and young: 
for the scholar, the sportsman, the motor- 
ist, the businessman, farmer and those of 
the professions, offering almost unlimited 
opportunities in multiple fields of en- 
deavor plus the advantages of favorable 
tax laws, friendly to business enterprise 
with the added bonus of what we believe 
is the world’s best and most equitable 
climate. Native Floridians feel it is 
simply too good not to be shared with 
others. That is why we call it “The Na- 
tion’s Florida.” 


Third International Conference on Soil 
Mechanics and Foundation Engineering 


The Third International Conference on 
Soil Mechanics and Foundation Engineer- 
ing will be held in Switzerland this sum- 
mer. The first part will take place in 
Zurich on August 16-21 and the second 
part, August 22-25, includes a four days’ 
tour through Switzerland to afford the 
opportunity to see not only points of in- 


terest for geotechnical and foundation en- 
gineering, but also something of the coun- 
try’s natural beauty. The final session 
will convene on August 26 at Lausanne on 
Lake Geneva. All correspondence rela- 
tive to the Conference should be addr ssed 
to Dr. A. von Moos, General Secretary, 
Gloriastr. 39, Zurich 6, Switzerland. 
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Thoughts on Contemporary Problems* 


By JOHN SLOAN DICKEY 
President of Dartmouth College 


President Dickey extended a cordial 
welcome to the members of the ASEE 
and said that he wished to speak for a 
few minutes about “the purpose of higher 
education and the reconciliation of what 
we are pleased to call the liberating arts 
and the technical, professional studies 
with which you are primarily concerned.” 

Mr. Dickey stated that his predecessors 
had dedicated Dartmouth to the proposi- 
tion that its ultimate obligation is to hu- 
man society. Mr. Dickey said if the ulti- 
mate obligation of the liberal arts college 
is to serve human society, the college must 
look out into that society and ask what 
is the central need of that society today. 

“The central need of human society to- 
day is to bring into better balance the 
utter physical power which we now 
possess and the moral and political con- 
trols of that power. For the layman 
this need can be emphasized by consider- 
ing that since 1900 the destructive power 
in the hands of men has increased by 
something like four million times. How 
much have we increased our moral and 
political controls over the use of such 
power since 1900? We need better bal- 
ance between physical power and _ its 
moral and political controls. We are not 
confronted with the problem of discover- 
ing some new moral, political, economic or 
social truth. Indeed, if that were the 


ease, the time factor is such that we had 
better just relax and have as comfortable 
a time as we can until this thing blows 
up.” 

*A report of informal remarks delivered 
before the ASEE in Hanover, New Hamp- 
shire, June 25, 1952. 


“The central factor in the problem of 
getting this better balance is the time 
factor. The history of the human race 
indicates that, given time, men have been 
able to develop the moral and political 
controls necessary to the power that they 
possessed at any particular moment in 
history—whether the power was repre- 
sented by slings, bows and arrows, gun- 
powder, or the six-shooter on the fron- 
tier.” 

Mr. Dickey suggested, however, that it 
is just possible “we have turned one of 
those few right angle corners in human 
affairs.” He said, “Now, for the first 
time, men and nations have the power 
which can make their mistakes and their 
evil complete and irretrievable as far as 
this particular industrial civilization is 
concerned.” If this is true, he said, then 
we can no longer rely on the proposition 
that time cures all things. 

Speaking once more of the central need 
of society in relation to the purpose of 
the liberal arts college, Mr. Dickey said 
that men working in education must 
cling to the idea that the time factor in 
human affairs is not absolute and has 
never been absolute. “The time factor in 
human affairs is relative to the will and 
the capacity of men to serve the public 
good regardless of how they serve their 
own individual welfare. The liberal arts 
college is concerned more than any other 
institution of higher education with de- 
veloping both the will and the capacity to 
serve the public good. The combination 
of will and capacity is the essence of 
leadership. Whenever your business, 
whenever your profession, whenever a 
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nation or any other human group has 
had a tough, large, seemingly insoluble 
problem, at the core of which was a time 
factor of urgency, the one thing that 
human experience indicates could be 
turned to is this thing which we eall 
leadership. The principal historical justi- 
fication for leadership is its utility in 
countering the time factor in human af- 
fairs.” 


In conclusion Mr. Dickey emphasized 
the importance of developing man’s ¢a- 
pacity for action. The will is useless 
without the capacity—“only as men see 
a way to do things can they sustain the 
will to do them. I suggest to you,” he 
said, “that there’s no profession more 
concerned than engineering in this indus- 
trial society with supplying the capacity 
for action.” 


Intensive Course in Automatic Control 


The University of Michigan College of 
Engineering has announced two Intensive 
Courses in Automatie Control. The first 
is scheduled for June 15 to 20, 1953, in- 
clusive, and the second for June 22 to 
25, 1953, inclusive. The courses are in- 
tended for engineers who find it necessary 
or who wish to obtain a basic understand- 
ing of the field, but who cannot spare 
more than a few days for this purpose. 
The purpose of the course is to make it 
easier to learn by a coherent presentation 
of the fundamentals of modern automatic 
control and by providing a comprehensive 
set of notes to serve as a framework for 
further study. 

The courses are built around the prin- 
ciples and application of measurement, 


communication and control. Course I 
will consist of the fundamentals in each 
of these fields and will include some fun- 
damental work in non-linear systems. 
Course II will take up applications of 
the fundamentals to more advanced prob- 
lems. There will be four hours of lecture 
each morning and three hours of demon- 
stration in the afternoon. Extensive use 
will be made of computing, instrumenta- 
tion and servo laboratories on the campus. 
The role of analog computing methods 
will be emphasized. 

Further information may be obtained 
by writing to Professor M. H. Nichols, 
Room 1523, East Engineering Building, 
University of Michigan, Ann Arbor, 
Michigan. April 15, 1953 is the closing 
date for registration. 
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The Air Research and Development Program *t 


By COLONEL O. G. HAYWOOD, JR. 
U. Air Force 


I appreciate this opportunity to present 
to the American Society for Engineering 
Education the broad aspects of the sci- 
entific program of the Air Research and 
Development Command, and to cover 
views of the Air Force as to its expected 
impact on university teaching and re- 
search. 

The Air Research and Development 
Command is a relatively young organiza- 
tion. Top Air Force officials have long 
recognized the need for effective coordina- 
tion and administration of the Air Force’s 
far flung and widely-varied research and 
development activities. Three years ago, 
a special committee was appointed to 
study this problem. The committee was 
composed of university and industrial 
leaders, under the chairmanship of Dr. 
Louis N. Ridenour, then Dean of the 
Graduate School, University of Illinois. 
The Ridenour Committee recommended 
separation of research and development 
activities from materiel procurement—in 
other words, separation of responsibility 
for the quality of Air Force materiel 
from responsibility for the quantity pro- 
eured. This concept was accepted by the 
Air Force, the Air Research and Develop- 
ment Command was established, existing 
research and development facilities and 
projects were assigned to it, and the 
command became operational as a major 


* An address to the American Society for 
Engineering Education, at Dartmouth Uni- 
versity, June 24, 1952. 

t Provisions for support of publication of 
results of Government sponsored research 
were eliminated by the Congress before en- 
acting HR 1180 as PL 557. 


Air Force Command a year ago this 
Spring. 

Many of you are intimately familiar 
with Air Force installations which have 
been consolidated to establish the Air 
Research and Development Command. 
Under the Headquarters of the Command, 
at Baltimore, Maryland, are eight field 
commands called Centers: The Wright 
Air Development Center, at Dayton, Ohio; 
Cambridge Research Center at Cam- 
bridge, Mass.; Rome Air Development 
Center, Rome, N. Y.; Arnold Engineering 
Development Center, Tullahoma, Tenn.; 
Flight Test Center, Edwards, California; 
Missile Test Center, at Cocoa, Florida and 
Alamogordo, N. M.; Armament Center, 
Eglin Air Force Base, Florida; and the 
Special Weapons Center at Albuquerque, 
N. M. 

I would like to emphasize that, with a 
few exceptions such as certain studies in 
the bio-sciences at the School of Aviation 
Medicine, all research and development 
activities of the Air Force are under the 
command control of the Headquarters of 
the Air Research and Development Com- 
mand at Baltimore. The entire program 
is prepared as a single, coordinated docu- 
ment, by personnel familiar with indus- 
trial engineering and research, university 
facilities and talents, and the Air Force’s 
own laboratories. 

The details of the program must re- 
main secret, for obvious security reasons, 
and would be too complex for presenta- 
tion here in any case. A few statistics 
on the general program may be of inter- 
est. The appropriation bill now before 
the Congress provides for direct research 
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and development costs, in Air Force lab- 
oratories and by contract to other insti- 
tutions, of approximately $600 million. 


Allocation of Funds 


A relatively small portion of this total 
is devoted to improvement of equipment 
and systems in the active inventory—our 
aircraft in operation in Korea; ground 
handling equipment; the multitude of 
items from blouses to B-36’s which con- 
stitute Air Force materiel. 

The bulk of the funds go into develop- 
ment of equipment and components which 
are combined into weapons and weapon 
systems to satisfy a specific operational 
requirement. For those not familiar with 
the term “weapons system,” I might cite 
an example: a night jet interceptor com- 
plete with all its instruments, ordnance, 
fire controls, communications, and radar, 
together with the ground-handling equip- 
ment to keep it airborne and the ground 
electronic equipment to find the enemy 
and vector the interceptor into contact. 
The core of the program is oriented to- 
ward the requirements of weapons sys- 
tems. The weapons systems match the 
operational responsibilities of the Air 
Force. The requirements of each system 
are determined from a weighted evalua- 
tion and judgment between the technical 
quality desirable for superiority over 
probable enemy weapons and the quality 
possible within the funds and time avail- 
able. 

A much smaller portion of the total 
funds is reserved for supporting research 
and development—the development of a 
new vacuum tube, or a better propeller, 
or a superior fuel. 

Finally, a still smaller portion, actu- 
ally about two per cent of the total, is 
devoted to basic research—fundamental 
investigations in those fields of the mathe- 
matical, physical, earth, and life sciences 
upon which rest our whole Air Force tech- 
nology. 

Going back to this figure of $600 million 
for research and development, we may 
break it down another way. Roughly, 10 
per cent goes for direct costs of research 
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and development laboratories of the Air 
Force, about the same amount goes to 
universities, and the remaining 80 per 
cent goes principally to industry. By 
direct costs of Air Force laboratories, I 
mean scientific equipment; iaboratory 
supplies; and salaries of scientific, tech- 
nical, administrative, and maintenance 
civilian personnel engaged in actual lab- 
oratory operations. Other costs of the 
laboratories are covered by other funds. 

A portion of the 80 per cent going to 
industry is subcontracted to universities. 
Obviously such funds are almost entirely 
for applied research in furtherance of 
industrial requirements generated by Air 
Force contracts. The contract policies 
are established by the industrial concerns 
involved, and are not different from in- 
dustrial-university relationships that have 
existed for years, except that the amount 
of money involved is greater than, say, 
twelve years ago before the Second World 
War. 

About 10 per cent of the total research 
and development funds reach universities 
under direct contracts from Air Research 
and Development Command laboratories 
and offices. At the present time, obliga- 
tions under active contracts with uni- 
versities and university-affiliated research 
institutions total more than $120 million. 
The current annual level of support is 
approximately half this amount. The 
program covers a broad cross-section of 
American universities. It includes 107 
universities in 33 states, the District of 
Columbia, Alaska, and Puerto Rico. 

$120 million is a good deal of money, 
even to the Air Force. It is a good deal 
more to the universities. The Steelman 


‘Report to the President, Science and Pub- 


lic Policy, estimates that the total national 
research and development budget in 1930 
amounted to $166 million. By national 
is meant not national government, but 
all expenditures within the nation—in 
government laboratories, in industrial lab- 
oratories, in universities. The national 
research total budget in 1930 is not 
greatly in excess of what the Air Force 
alone now has under obligation to uni- 
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versities. It is decidedly appropriate 
that both the universities and the Air 
Force study the impact of such work on 
the normal research and teaching activi- 
ties of our universities, and take action 
to mitigate undesirable consequences. 
Last November, the Air Research and 
Development Command established at 
Command Headquarters an Office of Sci- 
entific Research. I have been the Chief 
of this Office since it was organized, re- 
porting directly to Lieutenant General 
Partridge, Commanding General of the 
Air Research and Development Command. 


Need for Basic Research is 
Recognized 


This Office was established in recog- 
nition that air superiority in the future 
is dependent upon adequate basic research 
in the present. The needs of national 
defense have created the present situation 
in which research and development ex- 
penditures of the national government ex- 
ceed those of all of the rest of the U. S. 
economy combined. Government pro- 
grams dominate, or at least greatly in- 
fluence, the structure of the entire na- 
tional research effort. In the past, the 
Air Force has concerned itself primarily 
with application of known scientific laws 
and principles to the technology of air 
warfare. It has built upon the existing 
foundation of basic scientific knowledge, 
it has depended on the universities to 
strengthen and expand this foundation. 
In the future, the Air Force must give 
more active support to basic research in 
those fields of science which provide the 
base for Air Force technology. This is the 
mission of my Office. 

We approach this mission in two ways. 
First, we exercise general supervision over 
the basic research programs of all of the 
Centers. Second, we support directly a 
modest program of basic research in uni- 
versities. (Perhaps I should define our 
meaning of the term “basic research.” 
By basie research, we mean fundamental 
investigations which are supported be- 
eause of their probable contribution to 
advancement of scientific knowledge when 
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we have no specific Air Force problem 
or application in mind.) 

There are many reasons why govern- 
ment funds should be made available in 
these times for support of basic research in 
universities. There is only one reason, 
however, why Air Force funds can and will 
be so used. The support of basic research 
in fields of science of interest to the Air 
Force is consistent with and in furtherance 
of the purpose for which the funds are ap- 
propriated to the Air Force—to develop 
and maintain qualitatively superior air 
power. If I may use the words of an 
almost antiquated economic theory, it is 
in the enlightened self-interest of the 
Air Force to support basic research in 
universities. 

Let us return now to the university 
program as a whole and look at the effect 
on the universities. Of the present total 
of $120 million, slightly over half is 
classified work. However, three-fourths 
of the classified work is in six institutions, 
which have established contract research 
affiliates or separate projects so that the 
classified work does not intermingle with 
the academic teaching load. 

About $55 million supports unclassified 
research in universities. Between one- 
third and one-half of this could be con- 
sidered basic research, from the Air Force 
point of view and definition of the term. 
This portion of the program should be 
definitely beneficial to the universities, 
since it is simply adding to the type of 
research which is historically a role of 
universities and an essential adjunct to 
education at the graduate level. 

A sample survey of basic research con- 
tracts indicates that each $100 thousand 
of Air Force funds supports in salaries 
four part-time predoctoral students, one 
full-time predoctoral research worker, 
two part or full-time postdoctoral work- 
ers, as well as part-time support of fac- 
ulty members. 

The number of predoctoral students 
receiving part-time Air Force support 
while pursuing graduate studies is con- 
siderably in excess of the 569 predoctoral 
students in the FY ’53 fellowship program 


to 
per 
By 
ory 
ch- 
nee 
ab- 
the 
ds. 
ies. 
ely 
of 
Air 
rns 
in- 
ave 
unt 
ay, 
rid 
reh 
ties 
reh 
ries 
ga- ; 
ni- 
reh 
on. 
is 
he 
of 
107 
of 
ley, 
leal 
nan 
ub- 
nal 
930 
nal 
but 
—in 
nal 
not = 
ree 
ini- 


376 


of the National Science Foundation. The 
Air Force as a matter of policy encour- 
ages participation of graduate students 
on a part-time basis in Air Force basic 
research contracts. 


Support Training of Graduate 
Students 


Here again, this interest in supporting 
training of graduate students in the en- 
lightened self-interest of the Air Force. 
These personnel are required for the effec- 
tive prosecution of the research projects. 
Moreover, expanding the pool of trained 
scientific manpower in fields of science 
supporting the Air Force is strengthening 
the Air Force of the future. Few of 
these men will come into actual Air Force 
employment. It directly helps the Air 
Force, however, when these young scien- 
tists enter into industrial projects or uni- 
versity research for the Air Force, or 
simply join the pool of trained scientific 
manpower making other individuals avail- 
able for Air Force-sponsored work. 

The Air Force naturally expects to re- 
ceive a portion of the university output 
of technical personnel. Approximately 
450 second lieutenants will enter the Air 
Research and Development Command this 
June from university ROTC units. About 
two-thirds of these young lieutenants 
have scientific or engineering degrees. 
Judging from past experience, a few 
graduate students, including those who 
have been aided in their education by 
part-time employment on Air Force con- 
tracts, will accept commissions in the Air 
Force. A larger group will be required 
for civilian positions with Air Force lab- 
oratories. The Air Research and De- 
velopment Command is planning a modest 
increase in requirements for civilian tech- 
nical personnel over the next two years, 
of the order of 5 per cent each year. It 
anticipates no undue difficulty in meeting 
this requirement, although it would ap- 
preciate any assistance you gentlemen as 
educators can give in acquainting stu- 
dents with Air Force manpower needs. 
Incidentally, the Air Research and De- 
velopment Command has just completed 
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a brochure outlining the job opportunities 
with the command for technical personnel. 
Copies of this brochure will be mailed to 
universities within the next month. 

In addition to payment of student and 
research workers’ salaries, Air Force con- 
tracts finance research facilities, equip- 
ment, and supplies which are often of 
value in connection with university edu- 
cational programs and would not other- 
wise be available. Finally, the part-time 
employment of faculty members, either 
in research projects, particularly during 
the summer months, or as consultants on 
research programs, adds to the emoluments 
of such personnel and helps to close the 
gap between the salary scales of universi- 
ties and industry. I recognize that this 
last statement is applicable in varying 
degrees to different universities, is some- 
what controversial, and is a matter for 
policy determination by the universities 
rather than the Air Force. 

In keeping with standard university 
practices, the Air Force encourages pub- 
lication of papers on its unclassified proj- 
ects, and on classified projects to the ex- 
tent permitted by security considerations. 
As Faraday said, there are three stages 
to research: to begin it, to complete it, 
and to publish it. Under government 
regulations, the Air Force must have a 
report on a research project before it can 
authorize final payment. However, in the 
interest of dissemination of scientific 
knowledge, and frankly to encourage 
better-written reports, the Air Force ac- 
cepts in lieu of the final report, a copy 
of a manuscript covering the work which 
has been presented to a professional jour- 
nal. I might add that the Air Force at 
the present time does not have authority 
to support such publication in technical 
journals. The Air Force is actively sup- 
porting HR 1180, a bill passed by the 
House and currently awaiting action in 
the Senate which would permit among 
other things support of publication of 
research results. 

I have commented at some length on 
what the Air Force is doing to provide 
a more effective partnership with uni- 
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versities. I do not mean to imply, how- 
ever, that we consider our part done or 
even well underway. We intend to con- 
tinue study of this problem of strength- 
ening the universities as research and edu- 
eational institutions while we strengthen 
the Air Force as a fighting machine. For 
increased effectiveness in this Air Force- 
university relationship, we will unques- 
tionably need increased participation of 
university personnel in planning and in 
management of the university program of 
the Air Research and Development Com- 
mand. 

I might add for the benefit of those not 
closely associated with the Air Force pro- 
gram that the Air Force has enjoyed for 
years the active assistance of university 
personnel. I have already mentioned that 
the Air Research and Development Com- 
mand had its genesis in the report of a 
committee headed by Dr. Ridenour, then 
of the University of Illinois. Several 
other university personnel served on this 
committee, including Mr. Ray Woodrow 
who will preside at this afternoon’s ses- 
sion on “Trials and Tribulations in Uni- 
versity-Government Contract Procedures.” 
My office has been aided in getting under- 
way by the Panel on Physical Sciences 
of our Air Force Scientific Advisory 
Board. This panel, headed by Dr. George 
Kistiakowsky, Professor of Organic Chem- 
istry at Harvard University, advises on 
the broad aspects of our program of 
basie research. Dr. Francis H. Clauser, 
Professor of Aeronautical Engineering at 
the Johns-Hopkins University, has associ- 
ated himself closely with the office on a 
part-time basis, as my senior scientific ad- 
visor. Dr. Paul Flory of Cornell Uni- 
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versity is chairman of our Chemistry Ad- 
visory Committee. We are in the process 
of establishing similar committees for the 
other fields of science in which the Office 
of Scientific Research has comprehensive 
programs. 


Active University Participation 


I emphasize this active university par- 
ticipation in the formation of the Air 
Research and Development Command, and 
in the current activities of my Office, 
in the hope that many of you gentlemen 
will also be willing to contribute actively 
to the Air Force program. We must ree- 
ognize that the universities of the Nation 
have become as essential to the Air Force 
research and development programs as 
Air Force operated laboratories. Re- 
search requires stability. This is a major 
problem in government-sponsored uni- 
versity research. Obtaining this neces- 
sary stability requires study and action 
by both the Air Force and the universities. 

Three years ago, a faculty committee of 
the Massachusetts Institute of Technology 
completed an educational survey. The 
report starts with these words: “Final 
reports are the traditional monuments to 
the labors of committees, and too often 
serve only as a burying ground for ideas.” 
In conclusion, L quote these words and 
express the hope that the ideas generated 
here today may bear fruit in more effec- 
tive Air Force-university relations. The 
research requirements of the Air Force 
and the research and educational goals 
of the universities must be attained in 
harmony, not in conflict. We ask your 
active help toward this end, in our inter- 
est and in yours. 
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New and Specialized Laboratories of the 
Department of the Army” 


By MAJOR GENERAL K. D. NICHOLS 
Chief of Research and Development, Office of Chief of Staff, U. S. Army 


It is indeed a pleasure to participate 
in this Panel discussion of “The Impact 
of Government Sponsored Laboratories 
on University Teaching and Research.” 
The particular subject that has been as- 
signed to me is “New and Specialized 
Laboratories of the Department of the 
Army.” In assigning this subject your 
Executive Committee assured me that the 
title was broad enough to permit the 
widest of latitude in my comments. So, 
with that leeway, I would like to precede 
any discussion of new laboratories with 
a more general discussion of what we are 
trying to accomplish in the Army Re- 
search and Development Program. 

The objective of our Army Research 
and Development Program is to exploit 
all avenues of modern technology to 
achieve the highest possible effectiveness 
for our ground forces, always keeping in 
mind that we have a paramount require- 
ment that this effectiveness must be ob- 
tained with a minimum drain on our 
national resources. Our application of 
modern technology to war is not limited 
to the development of better equipment 
but we are also applying modern technical 
methods of analysis and research to de- 
termining the best way to utilize our 
equipment and manpower. Our efforts 
are being devoted to determining how we 
ean accomplish the Army’s mission with 
the minimum losses and at the minimum 
cost in dollars, talent and material. 

* (Discussion at the Annual Meeting of 
the Engineering College Research Council of 
the American Society for Engineering Edu- 
cation at Dartmouth College, June 24, 1952.) 
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Two of the primary problems involved 
are how do we reduce our losses and 
how do we make up for our deficiencies 
in manpower in facing Communist hordes 
by equipping our manpower with the most 
effective equipment and determining the 
best doctrine and techniques for its use. 
To achieve a reduction of losses is a real 
challenge to the military and to the tech- 
nicians in finding ways and means of put- 
ting the Army on a par with the Navy 
and the Air Force. Analysis of losses in 
the last war and in the present fighting 
in Korea reveals that the ground soldier 
suffers some 80-90% of the total casual- 
ties. 

As a result of this challenge, the Secre- 
tary of the Army and the Chief of Staff 
have been devoting a great part of their 
effort to insure that the Army Research 
and Development Program is given the 
proper emphasis. As an aid to insure 
proper emphasis. research and develop- 
ment in the Army was recently reorgan- 
ized to place the Chief of Research and 
Development at high enough level in the 
Army organization to have direct access 
to the Deputy Chiefs of Staff, the Vice 
Chief of Staff, the Chief of Staff, and the 
Secretarial level of the Army. In addi- 
tion, all parts of the General Staff are 
actively participating in the Research and 
Development Program. In addition to 
hardware research which remains with 
the Technical Services, greater emphasis 
is being given to operational research, re- 
search for development of new techniques, 
and basic research. 

This reorganization is continuing dow! 
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into the Army Field Forces where we are 
planning to set up a development organi- 
zation for testing new weapons and de- 
veloping new techniques and doctrines, as 
well as establishing a special weapons 
command for solving in the most ex- 
peditious manner the training, tactical 
and doctrinal problems related to Army 
use of atomic weapons and guided mis- 
siles. 

Another objective of the Research and 
Development reorganization was to insure 
closer liaison between strategic planning 
and research and development. This is a 
two-way proposition. We must not only 
insure that our strategic plans for the 
future recognize the possibilities of our 
Research and Development Program but 
at the same time we must adjust and 
orient our Research and Development 
Program to be in accord with our stra- 
tegic planning. 


Utilization of all Talents Available in 
Primary Problem 


In our efforts to achieve the most effi- 
cient weapons and techniques for using 
them, we recognize that one of our pri- 
mary problems is how do we combine 
and utilize to best advantage all the tal- 
ents available to us. In the development 
of a new weapon the optimum weapon is 
achieved when we utilize to best ad- 
vantage the talent, experience and know- 
how that are available in the Army Field 
Forces which is the ultimate user, the 
Army Technical Services, industry and 
universities. No one of these groups by 
itself can achieve the best weapons nor 
can any one of these groups dictate what 
is the best weapon or the best way to use 
it. Like so many other things in life, 
accomplishment here rests on making the 
user, the Technical Services, industry and 
academic technicians work together as a 
team. 

The variety of laboratories that the 
Army has and is building and the variety 
of our contracts illustrate that there is 
no one best way to achieve this optimum 
blending of talents. The procedures best 
suited for developing a rifle are not the 
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best for developing a new or novel weapon 
such as the atomic bomb or the proximity 
fuze. The result is that we have various 
types of laboratories—some of them are 
government-owned and operated such as 
those with which you are all familiar as 
at Fort Monmouth, Aberdeen, and Edge- 
wood Arsenal. 

In addition to these old, well-estab- 
lished, government-operated laboratories, 
we have the relatively new laboratories 
at Camp Detrick, Maryland, operating 
under Chemical Corps jurisdiction, and 
the laboratories at Redstone Arsenal, Ala- 
bama, for guided missiles, operating un- 
der Ordnance jurisdiction. We hope to 
build a Quartermaster Laboratory at 
Natick, Massachusetts. In addition to 
government-owned and government-oper- 
ated laboratories, we have created several 
government-owned laboratories that are 
operated by either universities or indus- 
tries. In the guided missile field one of 
the most outstanding laboratories that is 
government-owned and university-oper- 
ated is the Jet Propulsion Laboratory op- 
erated by California Institute of Tech- 
nology in Pasadena. This laboratory, op- 
erated under contract and under the most 
competent direction of Professor Louis 
G. Dunn, has made outstanding contribu- 
tions to our guided missile program. In 
a similar manner guided missile work has 
been conducted in government-owned and 
contractors’ facilities by the General 
Electric Company and by Bell Telephone 
Laboratories. These are cited as typical 
examples and are not intended to be 
all-inclusive of installations or of our 
program. Also, the Army guided missile 
program represents the varied ways of 
contracting and allocating responsibilities 
in order to get the jobdone. For example, 
for one missile the Jet Propulsion Labora- 
tory at California Institute of Technology 
has done the research, development and 
engineering, and Firestone Tire and Rub- 
ber Company is responsible for produc- 
tion. 

For another outstanding missile Bell 
Telephone Laboratbries and Western 
Electric Company have had complete re- 
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sponsibility for research and development 
as well as production. They have been 
assisted by Douglas Aircraft and other 
subcontractors. At Redstone Arsenal the 
Army Ordnance is vtilizing many of the 
German scientists who were responsible 
for the German guided missile program 
during the last war. This civilian-military 
organization is assisted by several indus- 
trial contractors. 

In addition to research and development 
on basic hardware items such as guided 
missiles, tanks, artillery, munitions, ete., 
wherein academic resources are being em- 
ployed to assist the Research and De- 
velopment Program, the Army has turned 
to the scientists for assistance in solving 
operational problems. Several years ago 
we asked The Johns Hopkins University 
to staff and administer an Operations Re- 
search Office, borrowing from educational 
institutions qualified scientists that we 
might have them apply technical analysis 
to our more difficult operational problems. 
I regret that we have to be in competition 
with education to get a qualified staff for 
the Operations Research Office but I can 
assure you that the end justifies the means. 
The ORO has already proved invaluable 
in furnishing analyses of operational 
problems to assist in important command 
decisions. It is surprising how an in- 
tuitive appraisal of comparable value of 
weapons and weapons systems can be re- 
oriented by a careful, detailed evaluation 
of effectiveness, operating costs and re- 
quired logistic support. 

For example, it has long been the dream 
of every antiaircraft artillerist that we 
could develop a radar acquisition and fire 
control system so accurate that the first 
few rounds of any attack would result 
in a sure kill. We have analyzed a 
weapons system of this type, allowing 
a reasonable evaluation of the system 
capability and comparing it with World 
War II capability. Believe it or not, it 
ean be demonstrated that under certain 
circumstances, the probability of getting 
a kill for a given dollar expenditure is 
lower for the fancy} very expensive sys- 
tem with radar control than it is for a 
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system where those same dollars appear 
as additional weapons. Like comparisons 
are being made between expensive guided 
missiles and conventional artillery for air 


- defense or tactical support. This is just 


another example of the sort of support 
our Research and Development Program 
receives from our higher educational in- 
stitutions. It will be our continuing ef- 
fort to use these resources in every way 
we possibly can. 


Academic Resources Effectively 
Employed 


There are many other ways in which 
academic resources can be effectively em- 
ployed to assist the Research and De- 
velopment Program. The Army has just 
recently decided to increase the scope of 
the operations of the Control Systems 
Laboratory at the University of Illinois 
where work is being carried out under an 
Army administered contract for the 
Army, Navy and Air Force. Here we 
are establishing a level of effort by stating 
the number of dollars per month we are 
prepared to apply—thus effectively estab- 
lishing a laboratory of a certain size. We 
direct the technical effort with a com- 
mittee of representatives of the three 
Services approving tasks for the labora- 
tory as new ideas are evolved. This gives 
us a very flexible means of enlisting the 
support of these scientists. When an 
idea reaches the prototype stage, it can 
be removed and given by contract to an 
industrial concern, thus keeping the sci- 
entists busy with more fundamental prob- 
lems, and using industry for the more 
prosaic problems of straight engineering. 

Another use for academic assistance is 
in the Army-Navy-Air Force supported 
contract at the Massachusetts Institute of 
Technology where an Air Force adminis- 
tered contract is seeking to solve major 
problems in air defense. Here, also, a 
high degree of flexibility has been retained 
in the contract. Major shifts of direction 
and emphasis can be made without re- 
writing the basic contract. 

In addition to research leading to equip- 
ment or techniques for using equipment, 
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the Army is also supporting basic re- 
search. Although I personally have never 
actively been involved in basic research, 
and as an engineer by training my in- 
clination is to concentrate on getting 
practical results, my experience with the 
Atomie Bomb Project has made me realize 
the significance of carrying on basic re- 
search. Although the atomic bomb is 
perhaps the classic example of a formid- 
able weapon springing suddenly from 
basic research, many other lesser examples 
could of course be given. As engineers 
we certainly all must realize that the 
progress in applied research and applied 
engineering is always dependent on build- 
ing a broad foundation of basic research. 

The military also recognizes the value 
of basic research and the Army has estab- 
lished a bsaic research committee at the 
General Staff level to foster basic research 
on all the Technical Services. In addi- 
tion, the Office of Ordnance Research at 
Durham, North Carolina, was established 
to fill the ever-increasing need of Army 
Ordnance for the fruits of technical re- 
search. The Office of Ordnance Research 
sponsors basic research in those technical 
areas that have proven valuable to Ord- 
nance in the past or that promise to be 
similarly valuable in the future. This 
work is carried out almost entirely by 
small contracts with educational institu- 
tions. The primary requisite of these 
contracts is the availability of an able 
scientific leader who can direct and con- 
trol the work. We hope that every effort 
can be made to give full freedom to the 
technical personnel not only in selecting 
the areas in which they will work but in 
deciding ways and means and the scale 
of effort in investigating those areas. The 
Office of Ordnance Research is quite 
young, having been officially established 
only about one year. I am certain that 
as it matures it will become one of the 
Ordnance’s most valued assets. 

In the utilization of university scien- 
tists we still have many problems to solve. 
We fully recognize that the military utili- 
zation of university talent can not be 
permitted to unduly interfere with the 
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education of future scientists and tech- 
nicians. Moreover, we have no desire 
to eliminate the free-thinking in universi- 
ties for it is this very free-thinking—or 
free-wheeling as it is sometimes called— 
that is one of the intrinsic values of 
university research. It is particularly of 
value when one recognizes that the very 
nature of government red tape tends to 
make government laboratories more con- 
servative in their approach to solving 
problems. We need both approaches. 


Contracting Procedures 


In addition to worrying about the im- 
pact on the basic mission of universities, 
we in the military also have a long way 
to go toward arriving at acceptable con- 
tracting procedures and methods of co- 
ordinating the division of effort between 
various universities and industrial econ- 
tractors so as not to create unnecessary 
friction and useless effort. For a good 
many years I have been exposed to the 
task of trying to coordinate the efforts 
of military, industry of various types, 
universities, labor unions, and in some 
cases plain ordinary housewives at iso- 
lated locations, and I can only say that 
to get any harmony at all out of these 
diverse groups requires a recognition that 
we are all different breeds of cats and 
must be handled accordingly. Perhaps 
some day we will develop a breed of 
military cat that knows how to handle 
such problems—certainly that is a task 
facing the Army today. So to those of 
you who have government contracts, all 
I ean ask is your patience in bearing with 
us while we all learn to appreciate each 
other’s talents and shortcomings. One 
of the worries that has repeatedly raised 
itself in the Research and Development 
Board is whether the continued expansion 
of the military Research and Development 
Program can be supported by the uni- 
versities. We recognize that we are con- 
stantly diverting a greater and greater 
proportion of university talent to our 
military effort. Certainly a study of the 
record indicates a tremendous growth in 
military research. A review of the ree- 
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ords tor the past 12 years indicates that 
the Army Research and Development Pro- 
gram has expanded some 20 times as 
compared to immediately before World 
War II. It is more than twice as large 
as our peak during World War II, and 
is some four times as large as the period 
immediately after the war when we were 
all more hopeful for a long period of 
peace. 


Expand or Stabilize? 


One of the real questions facing us is 
—can we continue to expand or have we 
reached a point where we should stabilize 
our effort? Certainly the problems con- 
fronting us all point to the desirability 
of an increased effort, but should we con- 
tinue to inerease this effort if the long 
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term effect on our educational institutions 
is too serious. If we are faced with 
immediate all-out war the answer of course 
is more obvious, but we all hope that the 
result of our efforts in research and de- 
velopment and our armament program 
in general will be to reach a state where 
we not only can win a war if it is thrust 
upon us, but also that we may have the 
possibility of deterring war. Whether this 
effort will be a long one or a short one is 
very difficult to evaluate at this time. 
Certainly it must be weighed from year 
to year, anf perhaps if we can utilize 
our funds and talent efficiently we can not 
only get the answer concerning the time 
and the degree of effort but we may also 
accomplish the major objective of avoid- 
ing war. 


New ECRC Secretary 


Virgil KE. Neilly, Assistant Professor of 
Engineering Extension at the Pennsyl- 
vania State College, has been appointed 
Secretary of the Engineering College Re- 
search Council. 

Professor Neilly, a graduate of the 
Electrical Engineering Department at 
Penn State, is a member of the American 
Society for Engineering Education and 
an associate member of the American In- 
stitute of Electrical Engineers. He has 
been honored by election to Phi Eta 
Sigma, Eta Kappa Nu, and Tau Beta Pi. 


Professor Neilly’s appointment was an- 
nounced by Dean Erie A. Walker of the 
School of Engineering at Pennsylvania 
State College, who is Chairman of the 
Research Council. As Secretary, Profes- 
sor Neilly succeeds John I. Mattill, now 
Director of Publications at the Massachu- 
setts Institute of Technology. 

The Engineering College Research 
Council, a unit of the American Society 
for Engineering Education, represents the 
research activities of ninety-eight leading 
engineering schools in the United States. 
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Should Engineering Schools Teach Engineering? 


By THOMAS K. SHERWOOD * 


Dean Emeritus, Massachusetts Institute of Technology 


Engineering is sometimes thought of by 
educators as a collection of academic sub- 
jects constituting a curriculum. Others 
think of engineering as a way of life. 
Engineers are not walking encyclopedia, 
but men who do things. They are crea- 
tors, designers, and managers, whose satis- 
faction in life comes from creative ac- 
complishment. This is recognized by our 
form of engineering education, which is 
based on the principle of “learning by 
doing.” Nevertheless, the engineering cur- 
riculum is designed primarily to teach 
men what they need to know in order to 
start learning something about engineer- 
ing. It is really a pre-engineering cur- 
riculum. 

It would seem that the basic tools of the 
practising engineer are five in number: 
concepts, principles, techniques, facts, 
and judgment. We teach the first four 
in formal classes, and hope that the stu- 
dent may acquire the fifth. The concepts 
include such things as temperature, heat, 
vapor pressure, and reversibility, which 
help an engineer to understand and to 
think. Principles include the chemical 
laws of combining weights, the first and 
second laws of thermodynamics, and 
Newton’s laws of motion. Techniques 
include not only laboratory and industrial 
methods, but the technique of tackling a 
design problem, the use of the library, 
and the preparation of a good written 
report. The engineer must have a limited 
number of facts in his tool kit, but the 
straight learning of facts has always been 
emphasized less in engineering than in 
other curricula, and the last twenty years 

*Professor of Chemical Engineering; 
Dean of Engineering, 1946-52. 


have seen a steady strengthening of the 
basic science at the expense of the em- 
pirical know-how or “handbook engineer- 
ing” within the four-year curricula. But 
we have restricted our teaching primarily 
to the tools of the profession, and done 
little to introduce the student to the ap- 
plication of the engineering method to 
complex engineering situations. Refer- 
ring to a similar list of “tools,” the 1944 
Report on Engineering Education after 
the War (3) states that “knowledge of 
these tools does not constitute ability to 
practice engineering.” 

The “engineering method” is more than 
a catch phrase. It involves the evaluation 
of a situation—a process seldom required 
in the solution of a typical ten-line prob- 
lem assignment. It involves the selection 
of the appropriate tools—those applicable 
to the assigned home problem or quiz are 
usually indicated, or obvious from the con- 
text of the course. Very often it requires 
economic balances of a type which the 
student meets only in the most elementary 
form as an undergraduate. It usually 
involves the handling of situations with- 
out adequate data and without unique 
answers, in which conclusions based on 
judgment must be made and defended. 
These are so foreign to undergraduate 
instruction that students feel ill-treated 
when sometimes given an assignment with 
missing data, or one without a definite 
answer. These protected students experi- 
ence a rude awakening in the cold world 
of engineering practice. 


Examples 


There are, of course, many examples of 
comprehensive design projects and other 
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techniques whereby the undergraduate is 
required to employ the engineering method 
in attacking real engineering problems, 
under the guidance of experienced teach- 
ers. Most such activities, however, are 
limited to a few undergraduates and the 
majority of the engineering students are 
not influenced. 

M.I.T. chemical engineers engage in a 
comprehensive plant design problem, re- 
quiring cost studies and complete process 
engineering calculations for a chemical 
plant. But this is a graduate course. 
Last year seniors in electrical engineer- 
ing tackled the design and promotion of 
a gas-discharge flash light for amateur 
photographers. This involved technical 
design, the question of the appearance of 
the product, a market study, questions of 
manufacture, financing, and advertising. 
But this was an elective taken by a few 
seniors. In mechanical engineering seven 
seniors did a group thesis on the improve- 
ment of a commercial vacuum cleaner. 
New fan blades and other parts were 
designed, produced by the manufacturers, 
tested and reported by the students. But 
we cannot get the technical assistance and 
several thousand dollars cash to support 
the theses of every seven seniors. At 
M.I.T. students get one of the finest of 
educational experiences in the Servo- 
mechanisms and the Instrumentation lab- 
oratories in working with creative teach- 
ers in the design and actual production 
of new mechanisms such as the Brook- 
haven pile’s servo-operated control rods. 
But these again are graduate students. 

One of the most intriguing possibilities 
along these lines is the plant design 
project engaged in by seniors from sev- 
eral engineering departments. Each 
group presents and defends its contribu- 
tion to the complete project. In addition 
to the engineering experience, the student 
has the opportunity, rare to undergradu- 
ates, of learning to work as a member of 
a group. It is not known that this type 
of project is being carried out at the 
undergraduate level. 

Educational experiences such as these, 
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often available at the graduate but so 
seldom at the undergraduate level, repre- 
sent the experience in synthesis for which 
purpose the four-year training in analysis 
is planned. But of greatest importance 
is the point that here is the opportunity 
for the engineering student, while still 
in college, to get some concept of the 
thrill of creative accomplishment, without 
which the college experience means little 
more than a four-year extension of the 
high school pattern. Where else will the 
student get an appreciation of the mean- 
ing of creative professional activity? In 
freshman physics? In applied mechanics? 
In courses in materials? Perhaps in a 
two-afternoon-a-week thesis in the second 
term of the senior year? 

Our friends in architecture follow the 
project pattern, starting with second-year 
design. Somehow they are able to resist 
the temptation to require more and more 
subjects; a considerable fraction of the 
entire curriculum is devoted to design. 
Dean Hollister (1) has previously sug- 
gested that we may benefit from the ex- 
ample of the teaching of architecture. 
The 1944 Report (3) also refers to the 
system followed in architecture. 


Objections Raised 
Whether or not the comprehensive de- 


sign project or other techniques of teach- 


ing the engineering method belong in the 
undergraduate program is certainly open 
to question. The 1944 Report gives 
one opinion—“Judgment matures only 
through experience, but introduction to 
the art of engineering and the develop- 
ment of judgment—in other words, ele- 
mentary competence in the engineering 
method—ean and should begin in col- 
lege” (3). Many may argue that com- 
prehensive exercises in the engineering 
method do not belong in the schools— 
that engineering schools should teach the 
tools of engineering but not attempt to 
teach engineering. I do not agree with 
this latter point of view, though I accept 
the fact that. some will hold to it on 
principle. More, however, will conclude 
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that the objective is sound, but that such 
activities on any important scale are 
quite impractical within the limitations 
of the four-year undergraduate curricu- 
lum. The late President Wickenden 
wrote in 1929 that the limited treatment 
of creative engineering was “regrettable 
but inevitable” (2). The practical objec- 
tions hinge on (a) the lack of qualified 
teachers for such an admittedly difficult 
task, and (b) the lack of time in a 
crowded curriculum. 

I am not so sure the objectors are right 
on the first point. If the initial goal were 
to provide the equivalent of one full 
semester of the comprehensive project 
type of education, only approximately 
one-quarter of the instruction given by 
engineering department staffs would be 
involved. If a few imaginative teachers 
showed the way to the development of this 
kind of teaching, many others could fol- 
low their lead. Engineering faculties now 
include hundreds of men who have had 
wide engineering experience at a respon- 
sible level in industry, and many of these 
would follow such leadership with under- 
standing and enthusiasm. Perhaps we 
could attract more such engineers into 
the teaching profession if our instruc- 
tional pattern were not so completely 
compartmentalized into separate subjects, 
separated by artificial walls non-existent 
in engineering practice. 

The second practical objection assumes 
that within the four-year curriculum there 
is now no material less important than 
the proposed project-type instruction in 
the engineering method—that it is cer- 
tainly impossible to cut present material 
by the equivalent of one full semester. 
This is debatable—in fact it has been 
debated extensively in connection with the 
efforts in recent years to allot more time 
to the Humanities. But there is a diffi- 
cult though possible way out—involving 
the killing of two birds with one stone. 


Courageous Experiments Are Called For 


The way out of the difficulty is illus- 
trated by a recent experiment at M.I.T. 
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Undergraduates in aeronautical engineer- 
ing were offered an entirely new type 
of instruction in the second of two se- 
mesters in engineering thermodynamics. 
They were asked to design an air-con- 
ditioning system for a jet aircraft. Just 
that. First they had to learn something 
about jet aircraft, but they already knew 
a little. Why air-conditioning—for the 
equipment or the pilot? How much 
would the cooling load be? Why did it 
get hot? These questions led to a study 
of heat transfer, then concepts and 
theories of stagnation temperatures, a 
realization of the inadequate state of the 
art as revealed by the literature, and 
finally into problems of refrigeration en- 
gineering. At the end of the semester 
these students took the same final exam 
as those students who had taken the 
regular course in thermodynamics, and 
did as well. In other words, it is possible 
to provide the creative engineering-proj- 
ect type of instruction without sacrificing 
the haloed “coverage” of “material” to 
any important degree. 

The idea of comprehensive projects and 
other schemes for instruction in the en- 
gineering method is certainly not novel. 
Both the 1940 and the 1944 Reports list 
this as one of the main objectives of the 
scientific-technological stem of the cur- 
riculum, and describe this objective in 
specific terms. The 1944 Report de- 
seribes a course or subject designed with 
this particular objective in mind. It 
would seem, however, that too little has 
been done, and that the experiments have 
been on too small a scale. The objective 
cannot be attained by changing the in- 
struction within the framework of discrete 
subjects, either by modifying existing sub- 
jects or by single new subjects. Really 
worthwhile results will be obtained only 
by the imaginative use of large blocks of 
student time,. of the order of entire 
semesters. 

To do much of this sort of thing is 
clearly a large order. But engineering 
education is in something of a rut, and 
courageous experiments are called for. 
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Except for the great strengthening of 
our programs through the application of 
more science and mathematics, there has 
been little fundamental change in two 
generations. The curriculum is stil! four 
years (with few exceptions) following 
high school; it is still made up of poorly- 
related separate subjects; and the sub- 
jects are mostly the same subjects, mod- 
ernized, but taught in much the same 
way. The idea that engineering schools 
might also teach engineering suggests 
the challenge of a departure from tradi- 
tion which, at the very least, would pro- 
vide the student motivation so often lack- 
ing. 
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College Notes 


Dean S. S. Steinberg of the University 
of Maryland College of Engineering has 
been named adviser to the School of Engi- 
neering of the University of Puerto Rico 
at Mayaguez. He plans to visit the island 
commonwealth early in March to confer 
with university administrative officers and 
faculty members on the development of 
their engineering curricula and laboratory 


facilities. 
* * 


The largest group of Special Summer 
Programs in the history of the Massa- 
chusetts Institute of Technology will be 
given at the Institute next summer. These 
special programs, designed for profes- 
sional personnel from. industry, govern- 
ment and educational institutions, will be 
given in addition to academic subjects 
from the Institute’s regular courses and 
in addition to several technical confer- 
ences which have been planned in a num- 
ber of fields. 


% * 


A bequest of the late Norman W. 
Church of Los Angeles to the CALIFORNIA 


INSTITUTE OF TECHNOLOGY, together with 
gifts he made to the Institute a few 
months before his death January 7, will 
make possible construction in the near 
future of a $1,500,000 laboratory for edu- 
cation and research in the field of chemi- 
eal biology. The laboratory is to be 
known as the Norman W. Church Lab- 
oratory of Chemical Biology. It will be 
joined to the present Crellin Laboratory 
of Chemistry and also eventually to the 
Kerekhoff Laboratories of the Biological 
Sciences. 
* 

Cooperative programs enabling a stu- 
dent to obtain degrees in both liberal arts 
and engineering have been arranged by 
Stanford, Knox College, and The College 
of Idaho. Selected students at Knox and 
Idaho will take a three-year liberal arts 
course at their college, followed by two 
years of specialized training at the Stan- 
ford School of Engineering. Upon suc- 
cessful completion of the five-year course, 
the students will be awarded a bachelor 
of arts degree by their college and a bach- 
elor of science degree by Stanford. 
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Isn’t This the Crying Need? 


By WILLIAM W. ROGERS 


Head, Dept. of Mechanical Technology, Long Island Agricultural § Technical Institute 


Almost daily we read in our news- 
papers, magazines, and technical publi- 
eations, hear on radio, and watch speakers 
on television all publicizing the great need 
for engineers. Occasionally, the great 
need is questioned, as in Time Magazine 
of April 21, 1952 a spokesman for the 
U. S. Steel Company reported that 75% 
of the jobs for which engineers were 
hired could be filled by graduates with 
B. A. degrees. The magic figure “80,000 
engineers” is never accompanied by an 
equally important quota, of let us say, 
“400,000 technicians,” and “1,000,000 
semi-skilled industrial workers.” 

Just as surely as the low birthrate of 
the 1930’s cannot be altered, the heavy 
demands of the military program ignored, 
and bad advice (about five years ago) 
to guidance counselors be recanted, we as 
educators for industry are doing collec- 
tively little to put forth a broad program 
to obtain students in training for all 
branches of industry. Some militant 
leadership is needed in our field. It is 
needed to assemble the forces of engineer- 
ing, technical, and vocational education at 
all levels, into a solid group to develop 
a program to provide our future students. 

Today we have no such comprehensive 
program. In the Journal of Engineering 
Education, September, 1951, Dean Hol- 
lister of Cornell University said, “The 
educational system that has come into 
being in this country certainly was not 
evolved after a preconceived national 
plan, as far as engineering and allied 
schools are concerned. Whereas abroad 
there is commonly a technical institute 
functioning in parallel with strong pro- 
fessional engineering education, there have 


been relatively few technical institutes in 
this country, leaving the burden of serv- 
ing both needs upon the engineering 
schools.” The relatively few technical in- 
stitutes in New York State have met the 
same avalanche of personnel recruitment 
men as have engineering schools. Stud- 
ies * have shown that for each engineering 
position there is need for four to twenty 
technicians. 

We need a program that will fill our 
schools with students for all levels of in- 
dustrial competency. Our present efforts 
(which center principally about the needs 
of the engineering school) only taps the 
surface. An overall program for students 
must go back farther than the high school, 
farther than the elementary school, and 
into the home. Through every communi- 
eative means it must be shown that a 
future in industry has respectability, 
profit, and great promise. No additional 
studies of needs are necessary; the Edu- 
cational Policies Commission report,t 
Edueation for All American Youth is one 
which did the job well. What is needed 
is leadership. Consider the magnitude of 
the program of the National Safety Coun- 
cil; ours should be as broad and unceasing. 

A strong program for industrial oecu- 
pations would only strengthen the good 
elements in our present educational pat- 


* Vocational Division Bulletin No. 228, 
Vocational-Technical Training for Industrial 
Occupations, U. S. Office of Education. 
(Superintendent of Documents, Washington, 
D. C. 40¢.) 

t ‘*Edueation for All American Youth,’’ 
Edueational Policies Commission, 1201 Six- 
teenth St., N. W., Washington 6, D. C. 
($1.00). 
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tern at the elementary and high school 
levels. Well-educated high school gradu- 
ates with a broad background in human- 
istie-socialistic studies, mathematics, and 
science, and an enthusiasm for technical 
work are desired in all levels of vocational, 
technical, and engineering positions. 
The three principal fields of training 
for industry each work with industry but 
do not work together. Representatives of 
vocational and technical education meet 
together for mutual good as rarely as do 
the technical institutes and engineering 
schools. It would not serve our industrial 
needs at all to assume that one type of 
school should serve as a preparatory 
ground for another; there are fixed ratios 
of needs of engineers; technicians; semi- 
skilled workers which must still be met. 
Let us be sure of this—there are great 
needs at all levels of industrial com- 
petency, and they cannot be met by meet- 
ing only the quota of engineers. Con- 
sider the case of those who enter industry 
with only two years of engineering edu- 
cation. Of one group studied,t about 
70% stated positively that they felt that 
lack of an engineering degree was no 
hindrance to success. Again, from the 
April 21, 1952 issue of Time Magazine, 
“Today (the engineer) goes forth into a 
technician’s world and an_ engineer’s 
market.” Technical schools can train its 


¢‘‘Is Less Than Graduation Worth- 
while?’’, Clement F, Freund, Dean, College 
of Engineering, University of Detroit, Jour- 
nal of Engineering Education, September, 
1951. 


producer than the engineer. 


ISN’T THIS THE CRYING NEED? 


graduates to fill many positions for which 
engineering schools cannot. In many 
fields the technical institute graduate will 
be more successful, happier, and a better 
And until 
we resolve to approach our needs with an 
overall program, there will never be 
enough competent engineers, technicians, 
or semi-skilled industrial workers. 

Our school population is growing at the 
elementary school level. Soon these stu- 
dents will be in high school and thinking 
of their future careers. By starting a 
campaign now, we can attain the future 
student body needed, and gather in many 
good students in the years before the 
large group born in the 1940’s come into 
our technical and engineering schools. 

What should be the principal elements 
of such a program? It should instill in 
the minds of young boys and their parents 
the concept that a future in industry is: 


1. Financially rewarding 

2. Respectable 

3. Able to offer many unsurveyed hori- 
zons. 


This we cannot do overnight; education 
is a process measured best by generations. 
Now is the time to plan for these gen- 
erations. Now is the time to gather all 
resources. Now is the time to undertake 
a master plan for obtaining a student 
body in engineering and its allied 
branches—that will man our industrial 
enterprise today, tomorrow, and in the 
years we will never see. 
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AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


NOMINATION BLANK 


“ARTICLE XI, Section 3. (Election of Officers) By means of a form to be printed 
in The Journal of Engineering Education or in the preliminary program of the annual meet- 
ing, an opportunity shall be given to individual members of the Society to submit names of 
persons to be considered for said officers. These names, on the form provided, shall be sent 
to the Secretary of the Society not less than sixty (60) days prior to the annual meeting; and 
the Secretary shall submit the suggested names to all members of the Nominating Committee.” 


In order to make the election of officers of the Society as democratic as possible, 
members are urged to fill out the nomination form and return before April 1, 1953 
to the Secretary, A. B. Bronwell, Northwestern University, Evanston, Illinois. 


I nominate the following members of the Society for officers : 


(In Charge of General and Regional Activities —two years) 
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The Co-op Prepares for Engineering’ 


By C. F. ARNOLD 


Chief Engineer, Cadillac Motor Car Division, General Motors Corporation 


My subject is “The Co-op Prepares for 
Engineering” and although these ideas 
will probably apply to other branches, 
they are based mainly upon my own ex- 
perience as an automotive engineer. 

My comments will cover: first, sugges- 
tions for classroom courses which should 
be given more emphasis; second, the main 
advantages which should be sought for in 
the shop periods; and last, some gen- 
eral comments on the advantages of co- 
operative education as it appears to me. 

As to the courses which I think should 
be emphasized more strongly in the school 
portion of the course, it would be dif- 
ficult to say which is most important but 
certainly the following group are near 
the top. One is applied mathematics. 
Far too many fellows leave school with 
the ability to solve differential equations 
but haven’t the foggiest notion as to how 
they could be used to help themselves out 
of some practical problem—and _ this 
does not necessarily need be confined to 
the higher brackets of mathematics. We 
have a simple application of first degree 
simultaneous equations which enables us 
to determine the weights of the upper 
and lower end of a connecting rod much 
more simply than by the conventional 
weighing method. 

Another is what we might call Dynamic 
Design—the mathematician would have a 
tough time justifying the modern crank- 
shaft design, but it has developed along 
very sound principles For example, a 

* Presented before the Co-operative Edu- 
cation Division of the A.S.E.E. at Michigan 


State College, Lansing, Michigan, June 27, 
1951. 
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great deal has been learned on handling 
or avoiding high stresses, which should 
be taught to the student. 

Closely allied to this is the study of 
vibration Practically every part of an 
automobile is concerned with vibration 
in some way or another The crankshaft 
vibrates in bending and in torsion The 
entire power plant bends as a beam on its 
supports and can be excited resonantly 
at certain speeds. Example: We ran into 
this a number of years ago when we had 
a very hard to identify “boom” in the 
ear at about 55 mph After a great deal 
of work, this was traced to a week fly- 
wheel bell housing which was permitting 
the entire power plant to flex in the mid- 
dle It was excited by the propeller shaft 
and its natural frequency occurred at 
this 55 mph speed Once the cause was 
determined, it was fairly simple to stiffen 
the bell housing sufficiently to raise its 
natural frequency above the driving range 
of the car and thus eliminate the objec- 
tionable period. The propeller shaft 
must be very carefully designed to avoid 
critical periods and so on with the motor 
supports, the sheet metal reinforcements, 
the body mountings and the steering 
mechanism, to say nothing of the frame 
and suspension which are, of course, spe- 
cial problems in vibration dampening. 

From my own experience, the study of 
metallurgy has probably been used more 
than any other course which I studied and 
a working knowledge and understanding 
of both the ferrous and nonferrous 
metals is more important today than ever. 
We should also include, and keep up-to- 
date, courses on the characteristics and 
uses of plastics, glasses, ceramics, rubber, 
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silicones and other new materials as they 
are made available for modern design. 

Although I have not had the oppor- 
tunity of checking this personally, I sus- 
pect that modern drafting room practice, 
as used in most plants today, is quite dif- 
ferent from that which is taught in most 
schools and it might be well for the draft- 
ing instructor to periodically visit some 
of the more progressive design rooms in 
the industry to keep up-to-date on the 
eonstantly improving methods. 

Sooner or later the successful man in 
any line needs training in effective speak- 
ing and I think that the earlier this is 
started the better, as it not only is help- 
ful for public speaking but, to my mind, 
is a great deal more valuable in the day- 
to-day contacts in conferences and in the 
transmission of instructions to other 
members of the organization. 

Some of the basic principles of human 
relations should most certainly be taught. 
I know of many very promising engi- 
neers, who were tops technically, that 
have failed to advance because of their 
ignorance of the importance of learning 
to get along with people. Every organi- 
zation has its “problem children”—men 
who are extremely valuable in certain 
jobs but who must be handled carefully 
to keep them happy and with today’s 
shortage of engineers, this is very im- 
portant. 

And last in this group, a knowledge of 
cost accounting is most important in to- 
day’s economic race. The engineering 
designs must not only be good but they 
must be capable of being produced at a 
reasonable cost. The old wiseerack, that 
an engineer is a guy who ean do for a 
dollar what any fool can do for two dol- 
lars, is certainly truer today than ever 
before. 


Training in Industry 


In the shop portion of the course, the 
¢0-op’s program should be planned so 
that he covers everything from the sim- 
pliest type of work through to the most 
complicated operations. And he should 


be taught to try to obtain what we might 
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eall the shop atmosphere: the workmen’s 
point of view and attitudes, their side of 
the labor question and their thinking on 
organized labor. He gets to see a side of 
the workmen which is rarely revealed to 
the graduate of a regular course even 
though he may be given shop trainee or 
apprentice courses. Starting as he does 
as a rank beginner, the co-op is taken in 
as one of them and does not meet the wall 
of difference which confronts the man 
who has taken a straight course and en- 
ters the shop as a “College Graduate.” 
The co-op should, if possible, obtain 
experience in all of the departments con- 
cerned in the manufacture of production 
automobiles: the foundry, machine shop, 
welding department, the press room, the 
plating department, and assembly work; 
he should have some inspection experi- 
ence and then spent his last year in the 
engineering department. I realize that 
this much coverage is probably never ob- 
tained but it should certainly be the ob- 
jective and if the total number of work 
weeks in the 5 or 6 years course is care- 
fully divided and assigned, it should be 
possible to come close to this ideal. 


Advantages 


As to the general advantages of co- 
operative training, it certainly gives the 
man the opportunity to find out, at the 
earliest possible moment, whether or not 
he is really fitted to do what he thinks 
he wants to do. I talk to youngsters 
these days who have been over-impressed 
by the magic word “research” and pic- 
ture themselves in a long smock, sur- 
rounded by electronic equipment and 
coils of bldwn glass, discovering some new 
form of energy; but soon quit and go 
home when they find out that they have 
to start helping somebody bolt together 
a base to support the stand on which 
some of this equipment is to be placed. 
Being able to get a taste of the kind of 
work which he has selected, while he is 
still able to change his course, is a tre- 
mendous advantage and I think your 
records will show that while the co-opera- 
tive student may change from mechanical 
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to civil engineering or from chemical to 
metallurgical, once he graduates, he rarely 
changes his profession. 

There is another intangible advantage 
in obtaining his shop work at the same 
time as his technical training, compared 
with the fellow who goes to school for 4 
or 5 years straight and then goes out and 
gets experience. We might compare it 
to the advantage of intimately mixing 
the sand and cement before the mortar 
is prepared—it forms a bond which can- 
not be obtained in any other way. 

Then there is, of course, the economic 
advantage of co-operative training. 
Many of us could not have obtained an 
education without the financial help which 
the work periods provide. 

The co-op is much more likely to stick 
it out and finish his education than the 
student taking the straight course; see- 
ing the alternative constantly before him 
in the shop, of men who have not trained 
themselves and are trying to advance 
without that distinct advantage, is one 
of the strongest incentives to complete 
his education. I know of many instances 
when men left a school period discour- 
aged and ready to quit but returned from 
the shop period with renewed enthusiasm 
and a resolution to see it through. 

Co-operative training gives a man a 
basic understanding and sympathy for 
the shop problems which he never forgets. 
In some plants there is downright enmity 
between manufacturing and engineering. 
The factory group thinks the engineers 
are a bunch of impractical, arbitrary, 
stuffed shirts who sit up in their tower 
and try to devise something more diaboli- 
eally difficult to make, while the engineer 
looks down on the shop men as a bunch 
of uncivilized barbarians who never make 
anything like the drawings and then won- 
der why it won’t work. Such attitudes 
are never found in co-operatively trained 
men, whether they wind up in manufac- 
turing or engineering; they have a real 
respect for the other fellow and a sym- 
pathetic understanding of his problems 
and this is the only basis on which a con- 
tinuing sound business can be built. 
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One of the turning points in my ex- 
perience developed from such a contact. 
It was in 1938, we had just brought out a 
new V-16 engine and, while over in the 


. shop, I noticed that a number of prob- 


lems had arisen in its assembly. At the 
time, I was in charge of the dynamometer 
lab which had done much of the develop- 
ment on the engine, so I pitched in and 
spent several days in the shop explaining 
the new design and helping work out 
their problems. While there, the Works 
Manager and the General Manager 
stopped by and, as a direct result of this, 
when the new job of Production Engi- 
neer was established I was given the as- 
signment. Perhaps any man would have 
done the same under the circumstances 
but for the co-op it was a natural re- 
action. 

Co-operative training also gives him 
an appreciation of the serviceman’s prob- 
lems and of the importance of designing 
for accessibility and easy repair. 


Need for broad knowledge 


The young engineer should be sold on 
the value of continually broadening his 
knowledge. I am frequently asked by 
members of our organization “How can 
I get ahead?”—“What should I do to get 
a promotion?” Of course no two cases 
are exactly alike but in almost every in- 
stance I find that the following sugges- 
tions apply. Lets’ take the job of Labo- 
ratory Supervisor as an example. It is 
assumed that we have several candidates, 
all ambitious, all having some leadership 
ability and having good technical train- 
ing. If all of these characteristics were 
equal, the job would not necessarily be 
given to the best dynamometer operator 
but to the man who has best informed 
himself on all phases of testing. The 
Staff Engineer on chassis may not be the 
best specialist on brakes, or axles, or 
transmissions, but the man who knows 
most about all of them. In this day of 
specialization, it is easy for a man to get 
into a rut but that applies to his co- 
workers just as well and if he will take 
the trouble to learn something of the 
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other fellow’s “rut,” while doing well his 
own job, he will stand up head and shoul- 
ders above his competitors when the 
choice is made for a promotion. Just 
take the top job in any industrial organi- 
zation—the General Manager—the first 
word of his title tells you what his re- 
sponsibilities are. He must know Sales, 
Manufacturing, Purchasing, Engineering, 
Accounting and Personnel handling—but 
few men ever go through all these depart- 
ments in their normal career. After the 
man became head of one of these groups, 
he was selected as General Manager be- 
eause he, in addition to knowing his own 
job, had learned more about the others 
than anyone else, and that principle ap- 
plies right down to the foreman of the 
smallest department. 
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This is good advice for any man on the 
way up, but for the co-op, with his basi- 
eally broader background and training, it 
is a natural—and, aggressively used, is 
a success formula which I have never seen 
fail to get results. 


Conclusion 


So, as the co-op prepares for engineer- 
ing, give him more courses which he can 
apply directly in his work, encourage 
him to get the full benefit of the “shop 
atmosphere” during his work periods and 
impress upon him the importance of con- 
tinuing to expand the broad start which 
you have given him in his education, for, 
like a pyramid, a big man needs a broad 
base. 


College Notes 


The University of Wisconsin’s new 
Chemical Engineering Building is grad- 
ually being put into full use on the UW 
campus as installation of its technical 
equipment is completed in its 10 labora- 
tories. The building has three stories and 
basement constructed of concrete, lannon 
stone, and brick, and besides the 10 lab- 
oratories, it provides classrooms and of- 
fiees and other special service and work 
rooms for the University’s chemical engi- 
neering staff and students. 


* * 
The Division of Applied Science of 


Harvard University announces the ap- 
pointment of Dr. John H. Curtiss and Dr. 


Andre Guinier as Visiting Lecturers for 
the spring term of the academic year 
1952-53. Dr. Curtiss is Director and 
Founder of the Institute of Numerical 
Analysis of the National Bureau of 
Standards. He is also a member of the 
National Research Council Committee on 
High Speed Computing Machines. He 
will give a course concerned with prob- 
lems of numerical analysis. Dr. Guinier 
is Professor at the Sorbonne, and is inter- 
nationally known for his work in the field 
of x-rays and metallurgy. His research 
laboratory is located at the Conservatoire 
National des Arts et Metiers in Paris. 
His lecture course at Harvard will be on 
the subject of x-ray metallography. 
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A Simplified Technique for Item Analysis” 


By R. 0. SWALM 


Associate Professor of Industrial Engineering, Syracuse University 


Introduction 


The making of good tests is not an 
easy task—and after attempting to con- 
struct a good test a teacher naturally 
wishes to measure the success of his ef- 
forts and perhaps to build up a file of 
good test items. One of the techniques 
available to him is an item analysis to 
determine which item proved most useful 
in that particular test. 

In this paper the scope and theory 
of item analysis will be discussed very 
briefly and then a simplified technique for 
item analysis will be presented. Finally 
a few brief remarks concerning the use 
of this technique will be made. 


Item Analysis 


Before anything can be evaluated, a 
standard against which it is to be meas- 
ured must be established. In judging the 
effectiveness of various test items, two 
guiding principles will be used. The first 
of these is that, in order to most effectively 
differentiate between abilities throughout 
their entire range, items should range in 
difficulty from very easy to very difficult 
—ideally, at approximately equal incre- 
ments of difficulty. The second is that 
each item should be useful in selecting 
superior from inferior ability in the field 
being measured. 

Unfortunately, the implications of the 
first principle are denied, in practice, by 
a great many engineering instructors. 
The objective of too many teachers seems 
to be to make all items on a given test of 


* Presented before the Educational Meth- 
ods Division at the Annual Meeting of the 
ASEE, Dartmouth College, June, 1952. 
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equal difficulty, and generally with the ex- 
pectation that the great majority of the 
class will answer between 55 and 95% 
of the items correctly. 

Since it is extremely rare for a test 
to have an error of measurement of less 
than + 10 percentage points (generally it 
is much higher than this) it should he 
obvious that there will be relatively few 
instances in which we can say that, based 
on the evidence offered by the test, one 
particular student is definitely superior 
to another. Certainly the probability of 
a man who obtained 85% being actually 
superior to another who obtained 75% is 
slight—and the probability of the reverse 
being true is far from zero. 

How ean this uncertainty be overcome! 
By deliberately setting out to spread the 
grades of the same group from about 10% 
to 90%! This will have an effect com- 
parable to that obtained by using an air 
gauge instead of a scale to measure the 
diameter of a shaft. By so doing, we do 
not change the thing being measured (in 
this case a shaft), we do not change the 
actual error of measurement introduced 
by the human eye (on the air gage as 
on the scale, we can detect a difference of 
about one one-hundredth of an inch on 
the scale being read), but we will expand 
a small range of sizes to a large physical 
range on the air gage so that the error 
of measurement introduced by the eye is 
relatively less important. 

In testing, it has been found that, by 
submitting items that range from the very 
simple to the extremely difficult, we can 
expand the range of percentage grades, 
that, under the traditional methods, would 
vary from 55% to 95% to the point 
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where they vary from, say, 10% to 90%. 
This will have little effect on the error of 
measurement, so that the precision with 
which we can rank students is greatly 
increased. If our error of measurement 
is+10%, we are quite confident that a 
student who obtains 75% is definitely 
superior to one who obtains 50%. Of 
course, this means that we will have to 
use different standards in translating from 
numerical to letter grades—but to say 
that 50% is equivalent to a grade of 
“Q” is certainly no less arbitrary (though 
perhaps less traditional) than to say that 
75% is equivalent to “C”. It requires 
some re-orientation in the thinking of both 
faculty and students—but as engineers we 
should surely be willing to re-orient our 
thinking in order to gain greater pre- 
cision at no inerease in cost. 

With regard to the principle that each 
item in a test should be useful in selecting 
superior from inferior ability, the obvi- 
ous difficulty in determining the degree 
to which this objective has been met is 
the selection of a suitable criterion. 

Unfortunately, knowledge of the rela- 
tive ability of students is seldom present. 
Indeed, if it were, there would be little 
purpose in giving a test. This is not an 
insurmountable difficulty, however, for if 
it is assumed that the test as a whole is 
a valid instrument, each item can be meas- 
ured against the whole test. This as- 
sumption will probably be reasonably ac- 
eurate if the test maker has critically 
asked himself, “Does this test measure 
what it purports to measure? What am 
I trying to test for—knowledge of facts? 
Understanding of facts? Ability to ap- 
ply principles in new situations? ete.,” 
and then, “Does this test measure these 
abilities ?” 

In measuring each item against the 
whole test, the basic criterion may be 
stated as “As compared to those who do 


1For a more complete discussion of the 
logic behind this concept, the reader is re- 
ferred to an excellent exposition in Chapter 
II of Hawks, Lindquist, and Mann’s ‘‘Con- 
struction and Use of Achievement Examina- 
tions,’’? published by Houghton Mifflin. 
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poorly on the test, do a significantly 
greater number of students who do well, 
answer this item correctly?” If they do, 
the item would appear to make a positive 
contribution to the whole test. If, on 
the contrary, more inferior than superior 
students choose the correct answer, the 
item is probably not useful in its present 
form. A danger signal has been raised— 
the item should be investigated. Further, 
if only a few more of the better students 
answer an item correctly, this may be 
attributable to chance and the item prob- 
ably does not discriminate well between 
various levels of ability. 

If the test maker is attempting to 
measure several different abilities, it 
should be recognized that he is in reality 
giving several different tests. Unless the 
correlation between these several abilities 
is very high (and it frequently is not) 
items in each of these different tests 
should ideally be evaluated against scores 
on that test alone. 

The most useful measure of an item’s 
ability to discriminate between different 
levels of achievement is the co-efficient of 
discrimination. There are several types 
of such co-efficients; one of the more use- 
ful bears the imposing name of “Tetra- 
choriec,” and this particular measure of 
discriminating ability will be used herein. 
Unfortunately, like the others, it is not 
simple to compute. Charts are available 
to simplify the work required, but even 
with these it is necessary to divide the 
test papers into halves, one containing 
the higher and the other the lower scores. 
Then the per cent of the students in each 
half who respond correctly to each item 
to be analyzed must be computed, the 
chart entered with these values, and the 
value of the coefficient of correlation read 
(frequently by performing graphical in- 
terpolation). This is laborious and still 


does not answer the question, “How large 
should this co-efficient be to be signifi- 
cant?” 

For practical use, the teacher is not 
concerned with the actual value of this 
co-efficient—he need only know that it is 
high enough to be significant, or to indi- 
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cate excellent discrimination. If such in- 
formation can be obtained with little 
effort, it will be used far more frequently 
than an exact value that can be obtained 
only with relatively great effort. It there- 
fore seems worthwhile to propose a simple 
method which can be used to select items 
which have a high probability of showing 
good (or excellent) discrimination in fu- 
ture tests. This method will not offer 
proof that the remaining items should be 
discarded. This is impossible, both from 
a logical and a statistical standpoint. 
Careful consideration of such items be- 
fore their re-use, however, is definitely 
indicated. 


Development of the Proposed Technique 


Families of curves showing the value 
of the tetrachoric co-efficient or correla- 
tion as a function of the per cent of 
students in the upper half who answer 
an item correctly (Pu) and the per cent 
of students in the lower half of the class 
answering the same item correctly (Pl) 
have been developed by Mosier and Mc- 
Quitty and improved by Adkins.* 

These curves are plotted letting the 
ordinate represent the percentage of the 
upper 50% passing an item and the 
abscissa the percentage of the lower 50% 
passing the item, each increasing from 0 
to 100%. The curve corresponding to r 
= 0.00 is the diagonal passing through 
the origin; all curves representing posi- 
tive values of r are above this line, sym- 
etrical about the other diagonal, and 
increasing in curvature and in the dis- 
tance of their midpoints (falling along 
the second diagonal) from the midpoint 
of the curve for r= 0.00 (as r approaches 


2 Mosier, Charles I. and MeQuitty, John 
V., ‘‘Methods of Item Validation and Aba- 
cus for Item Test Correlation and Critical 
Ratio of Upper-Lower Difference.’’ Psy- 
chometrica, Vol. 5, No. 1, March 1940, pp. 
57-65. 

3 Atkins, Dorothy, ‘‘Construction and 
Analysis of Achievement Test,’’? U. S. Gov- 
ernment Printing Office, Washington, D. C., 
1947. 
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1 the curves approach co-incidence with 
the left and upper sides of the square 
making up the chart). If, on the curve 
for any value of r, a tangent is drawn to 


- it at 45° to the horizontal, the equation 


of this line will be in the form Pu= P| 
+ Cr where Cr is the point where this 
line intersects the ordinate. 

Rewriting this equation as Pu— Pl 
= Cr and remembering the straight line 
described by this equation is at no point 
lower than its corresponding curve for 1, 
it is obvious that if Pu — Pl is equal to 
or greater than Cr, the corresponding 
value of the tetrachoric correlation ¢o- 
efficient must be greater than the value 
of r. 

Obviously the value of Cr will be a 
function of r, and this function can be 
determined empirically. 

Better still, the data can be trans- 
formed into equations involving the actual 
number of students (N), the number in 
the upper group (U) (as measured by 
the whole test) who answered the item 
correctly, and the number in the lower 
group (ZL) answering the item correctly. 
These equations are of the form U-L 
= Kr X N, where Kr=f (R) determined 
empirically. 

The remaining problem consists of de- 
termining appropriate values of r (and 
therefore Kr) as criteria of the discrimi- 
nating ability of an item. 

These criteria were chosen by arbi- 
trarily defining the discriminating power 
of an item as good when it was sig- 
nificantly greater (at the 2 sigma level) 
than 0.1; as excellent when it was sig- 
nificantly greater (at the 2 sigma level) 
than 0.3. 

Since the value of the standard devia- 
tion of the tetrachoric co-efficient of cor- 
relation is known,‘ and is a function of 
the value of r and the number of observa- 
tions in the sample, critical values of 
U-L for the desired criteria are readily 
obtainable as a function of N. These 

+See Peters and Van Voorhes, ‘‘Statisti- 
cal Procedures and Their Mathematical 
Bases,’’ page 372, McGraw-Hill, 1940. 
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ITEM ANALYSIS FORM 


Fie. 1 


were obtained using graphical methods, 
and the continuous curve obtained was 
transformed into the discrete values ap- 
pearing on the proposed form. 


Use of Proposed Form 


‘In order to make the application of the 
technique developed as simple as possible, 
the form shown as Fig. 1 was developed. 
While a description of the use of this 
form is necessarily somewhat involved, 
its actual use will be found to be quite 
simple. 

The following instructions for use of 
this form have the virtue of completeness 
if not that of brevity: 


1. Seore the test papers in the usual 
manner. 

a. All correctly answered items must 
be clearly marked right and/or 
all incorrectly answered items 
clearly marked wrong. 


2. Divide the test papers into an upper 
half and a lower half on the basis of 
their total scores. 


a. If there are an uneven number of 
papers, omit the median paper. 

b. If the median score appears on 
several papers, assign one half of 
these at random to the upper 
group and the other half to the 
lower group. 


3. Fill out columns (b) and (c¢) on the 
form by tallying the correct answers on 
each successive paper; first for the upper 
group and then for the lower group. 

4. For each item, enter in colunm (d) 
the difference between those in the upper 
half getting the item correct and those 
in the lower half getting the item correct 
(column (b)—column (c)). 

Note that some of these results may be 
negative. 

5. In the column headed “Minimum 
values for (d)” circle the number cor- 
responding to the total number of tests. 
(For example, if there were 33 tests, 5 
and 7 would be circled.) 

6. If the value for an item shown in 
column d is negative, place an x in the 


pf 
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column headed “poor”; if the value is 
positive but less than the value circled 
above “good” place an x in the column 
headed (?); if the value is as great as 
the value circled above “good” but less 
than the value circled about “excellent” 
place an x in the column headed “good”; 
if the value is as great as or greater than 
the value circled above “excellent,” place 
an x in the column headed “excellent.” 

7. In analyzing the results shown by 
this form, items marked x under “poor” 
are probably poor; those with x under 
(?) are dubious; those with x under 
“good” probably show good discriminat- 
ing ability, and those with an x under 
“excellent” are those rare items which 
almost certainly discriminate well between 
superior and inferior abilities. 

8. To obtain a rough item difficulty 
analysis, the total number of correct re- 
sponses for each item (obtainable by 
adding the values shown in column (b) 
and column (c)) should be entered in 
column (e). Class limits for each 20 
percentile range of item difficulty are 
obtained by entering the values for 0.2, 
0.4, 0.6, 0.8 and 1.0 times N in the ap- 
propriate spaces. 

9. For each item a check should then 
be placed in the item difficulty chart in 
the column bounded by the correct class 
limits. 

10. The number of checks in each 
column should be totalled; ideally, these 
should be the ratio of 1:2:2:2:1 reading 
across the page. Any marked deviation 
from this ideal serves to indicate the 
direction of potertial improvement of 
subsequent similar tests. 


Limitations of the Proposed Form 

There are two types of limitations to 
be recognized in using this proposed 
method for evaluating items. The first 


are those intrinsic in the basic theory, the 
second, those imposed by the approxima- 
tions employed in this method. The first 
can well be sumarized in the quotations 
from Hawkes, Lindquist, and Mann’s 
“Construction and Use of Achievement 
Examinations” which follow: 


“, . . to use the total score on the test 
itself as the criterion against which the 
constituent items are evaluated only en- 
ables one to select those items in a test 
that are individually most effective in 
measuring whatever the test as a whole 
is measuring. If the test as a whole is not 
valid, if it happens to be measuring the 
wrong thing, then the selection or elimina- 
tion of items on this basis would only 
make the revised test a more reliable 
measure of the wrong thing; i.e., the test 
would become more reliable as it becomes 
less valid... . An index of discrimina- 
tion, therefore, should be used with par- 
ticular caution ... where the criterion 
employed is the total score on the test 
itself. It may be of considerable value, 
in such situations, in identifying items 
that contain structural or technical im- 
perfections, but it is a dangerous basis 
upon which to eliminate an item if the 
content of that item is acceptable in 
terms of other logical considerations” 
(pages 51, 52). 

“... it should be noted that the nu- 
merical value of the index of discrimi- 
nation is not directly proportional to the 
desirability of an item for inclusion in a 
general achievement test.... In gen- 
eral, the best procedure seems to be to 
use the index of discrimination solely as 
a means of identifying seriously defective 
items, i.e., those with negative or very 
low indices, but not to employ it as a 
means of choosing between items showing 
reasonably high positive indices—the 
choice in the latter case to be based pri- 
marily upon logical rather than statistical 
consideration” (page 54). 

The chief limitations imposed by the 
approximations used are: 


1. As in any method based on signifi- 
cant differences, the results of this tech- 
nique will enable the user only to state 
that certain items show a significantly 
good or excellent discriminating ability. 
Many of the remaining items might, if 
a larger sample were available, also prove 
to have good discriminating ability—but 
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this cannot be known unless more data 
are available. 

2. The approximations on which the 
tests for discriminating ability have been 
designed are on a “fail-safe” basis. 
Stated another way, the criteria selected 
are, in many eases, more severe than 
would be demanded by more laborious 
exact methods. They are never less se- 
vere. These criteria are particularly se- 
vere from those items which are answered 
correctly by 


a. 90% or more of the upper group 
b. 10% or less of the lower group 


3. The item difficulty analysis gives 
only a rough picture of the range of 
difficulty of test items. If there is a 
marked preponderance of checks in one 
or two of the colunms, future attention 
should be given to writing items that 
will fall in the other ranges if a test 
is desired that will discriminate well be- 
tween all levels of ability. 


In the News 


Thomas H. Chilton, Technical Director, 
Engineering Department of E. I. du Pont 
de Nemours & Company, has been named 
new Chairman of the Engineering Man- 
power Commission of Engineers’ Joint 
Council. Formerly serving as President 
of the American Institute of Chemical 
Engineers in 1951 and then as Vice Presi- 
dent of Engineers’ Joint Council in 1925, 
Dr. Chilton has been active in the profes- 
sion since graduating from college. Dr. 
Chilton graduated as a Chemical Engineer 
from Columbia University in 1922 and, 
after working in research, joined the E. I. 
du Pont de Nemours & Company in 1925 
where he rose through the ranks to his 
present post. 


Reginald James Seymour Pigott has 
been elected President of the Engineers’ 
Joint Council. Mr. Pigoti, former Presi- 
dent of The American Society of Mechan- 
ical Engineers who is presently a consult- 
ant to the Gulf Research and Development 
Company, was recently retired as Chief 
Engineer, Director of Engineering Divi- 
sion, Gulf Research and Development 
Company in charge of engineering re- 
search. He graduated from Columbia 
University with a degree in Mechanical 
Engineering in 1906, returning a few 
years later to teach as professor of steam 
engineering. 
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Where Is the Challenge? 


By J. F. LEE 


Associate Professor of Mechanical Engineering, University of Maine * 


The increasing loss of promising or 
clearly established engineering educators 
to permanent positions in industry repre- 
sents a trend with grave implications for 
the future of engineering education. Re- 
placements of equal capability are becom- 
ing progressively more difficult to find, 
and there is, of course, little assurance 
that the replacements themselves will re- 
main in the profession for long. Since 
this condition appears to be widespread, 
it is worthy of the most critical examina- 
tion. Should the trend continue or take 
a turn for the worse, it is apparent that 
eventually there will be a general di- 
lution of the quality of engineering in- 
struction. The difference which exists be- 
tween academic and industrial salaries is 
blamed entirely by the casual observer 
who resigns himself to a situation for 
which little relief can be forthcoming 
in the foreseeable future. However, a 
more studied observation reveals that far 
more compelling factors than that of 
salary alone are involved in the ultimate 
decision of the engineering educator to 
leave the teaching profession. 


Views of Former Educators 


Beyond doubt, a great deal can be done 
outside of salary matters to provide a 
solution to this most real and serious 
problem in the opinion of engineering 
educators from various parts of the 
country who had recently left the teach- 
ing profession. Without exception, the 
former engineering educators interviewed 
readily admitted they had entered engi- 
neering education with the full expecta- 


* Now ‘at North Carolina State College, 
Raleigh, N. C. 


tion that the salary scale would be lower 
than that of industry. Some had even 
left industry for lower paying teaching 
positions. But they had expected teach- 
ing to offer advantages outweighing the 
financial considerations. Clearly then, 
something had happened in these cases 
to disturb the balance. Further examina- 
tion revealed that in most instances the 
fault could be found in the complete or 
partial failure of the profession to pro- 
vide the expected advantages. What ad- 
vantages these men expected but did not 
find can be generalized by the following 
statement. Engineering teaching was ex- 
pected to be an exciting and challenging 
experience providing a genuine feeling 
of accomplishment, requiring responsible 
decisions, and affording ample time and 
opportunity for professional development. 
Instead, engineering teaching was found 
to be a dull and slavish routine, stifling 
to the imagination and equally frustrat- 
ing to creative ambitions, devoid of se- 
rious responsibility, and, in the final 
analysis, leaving nothing to the individual 
teacher but a feeling of growing in- 
competence as an engineer. It should 
be emphasized that the two preceding 
statements represent a composite view of 
the group interviewed. Nevertheless, 
enough of the elements were evident in 
any single case to make the statements 
fairly characteristic. One must agree that 
what was expected of the profession was 
reasonable and indeed desirable. Cer- 
tainly engineering teaching has the in- 
herent capacity to fulfill all that was 
expected of it by these former teachers. 

Much was said by the people inter- 
viewed about the need for time and op- 
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portunity for professional development. 
Therefore, it appears appropriate to re- 
view in what ways it was expected that 
professional growth could be attained. 
The means selected varied widely among 
the persons interviewed. Among those 
means stated were: research, keeping 
abreast of current developments in the 
field of major interest by extensive read- 
ing, part-time engineering practice, con- 
tributions to the professional journals, 
textbook writing, improvement of peda- 
gogy, and participation in the activities 
of the professional societies. It will be 
recognized that all of these means pro- 
vide tangible evidence of one’s profes- 
sional growth—a rather significant ob- 
servation. 

In seeking the causes for the disillu- 
sionment in engineering teaching, it be- 
comes painfully evident that lack of re- 
sponsibility and lack of time and op- 
portunity for professional growth were 
the primary ones. All the disillusioning 
aspects of engineering teaching appeared 
to be either indirectly or directly trace- 
able to these primary causes. 

As for responsibility, it was felt that 
engineering teaching certainly did offer 
many responsibilities. The difficulty ex- 
isted in the fact that the teacher was not 
permitted to assume responsibilities that 
are rightfully his. Often the individual 
teacher had no voice in formulating aca- 
demic policy. In some instances, the cur- 
riculum and even the course contents 
were dictated by the department chair- 
man without even so much as consulting 
the faculty concerned. Sometimes teach- 
ers were arbitrarily assigned to teach 
courses without consideration for their 
interests and talents. In an extreme case 
a teacher might find himself assigned to 
teach a course in which he was not at all 
interested merely to plug a hole in the 
teaching schedule. Obviously, such prac- 


tices cannot foster a feeling of responsi- 
bility on the part of the teacher. 

Closely related to responsibility in en- 
gineering teaching is that of professional 
growth. Whatever the means selected for 
professional growth, it is evident that 
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time is a condition precedent to its achieve- 
ment. In this connection, the most 
roundly condemned detriment to profes- 
sional growth is that of loading the 
teacher with an excessive teaching sched- 
ule both in point of hours, number of 
students and numbers of courses. This 
practice is objectionable because it leaves 
the teacher little or no time for profes- 
sional development. Where excessively 
large classes are involved and no assist- 
ance provided, the routine chores incident 
to teaching absorb such a disproportionate 
amount of the teacher’s time that the joy 
of the classroom experience ‘is largely ob- 
secured. With time at such a premium, 
there appears to be a common tendency 
to neglect reappraisal of course objectives 
and for the course work itself to settle 
down to a lifeless routine. It is not too 
difficult to understand that under such 
conditions teaching becomes a dull and 
slavish routine stifling to the imagination. 


Views of the Writer 


Much can be done by engineering 
schools to reduce teaching loads even 
when financial conditions do not permit 
inereasing the staff. This can be done 
by a critical examination of the entire 
curriculum with a view to eliminating 
some courses and consolidating others. 
This should be done with the attitude of 
increasing the quality of teaching at the 
expense of the quantity. Aside from the 
core curriculum, some courses are found 
in the curriculum only because tradition 
places them there. Perhaps these should 
be eliminated. Often a large number of 
elective courses are offered. Perhaps this 
is a luxury in which the institution is 
not financially equipped to indulge. 
Some courses overlap each other so that 
consolidation into a single course may be 
feasible. Again, a course may meet five 
times per week when the course objectives 
can be adequately met in three meet- 
ings per week. In some instances it 
may be entirely feasible to consolidate 
two or more divisions or sections of the 
same course into a single division. - A 
part-time assistant could be provided to 
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reduce the burden of checking homework, 
ete. if the resulting division includes a 
great many students. Laboratory and 
shop courses should be carefully scruti- 
nized. These courses represent a consid- 
erable investment in building, machinery, 
equipment, and materials which, many 
times, is inconsistent with the returns. 
This is particularly true of shop courses 
and to some extent laboratory courses 
where the object is to test heavy ma- 
chinery. 

The result of incorporating such 
changes would be a reduction in contact 
hours both for teacher and _ student. 
This reduction would be beneficial to both 
since the student would have more time 
to spend on the courses taken, and, simi- 
larly, the teacher would have more time 
to improve the quality of his teaching. 
With more time to spend on his courses, 
the student can be expected to show a 
higher standard of performance. There- 
fore, though the number of courses would 
be reduced, the quality of learning and 
teaching would be greatly improved. 
This would seem to be a much better in- 
vestment of available funds and time. 

With time available, most of the means 
to professional development may be pur- 
sued by the engineering staff. It would 
be a rare individual who could follow all 
of the avenues available. However, a 
forceful staff could be expected, collec- 
tively, to take advantage of every means 
at their disposal. Therefore, some re- 
search, part-time engineering practice, 
and participation in the activities of the 
professional societies should be going on. 
To carry on these phases of professional 
development, the opportunity as well as 
the time must be provided. 

Research for student and faculty par- 
ticipation should not only be encouraged, 
but financially supported by the institu- 
tion. A large appropriation is not al- 
ways necessary for fundamental research 
and the rewards in the way of vitalizing 
teaching more than repay any expendi- 
ture made. It must be stressed that re- 


search should not be regarded as a faculty 
hobby, but as an essential third dimen- 
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sion to teaching and learning. A success- 
ful program of fundamental research will 
create opportunities for sponsored re- 
search. 


Consulting Work 


Part-time engineering practice gives 
perspective to engineering teaching be- 
sides assisting the faculty members finan- 
cially. This is highly desirable when 
few members of the staff have had re- 
sponsible experience in industry prior to 
entering teaching. Obviously, such part- 
time engineering practice should not be 
permitted to encroach on academic duties, 
but a reasonable amount is highly bene- 
ficial to the staff. Where opportunities 
for engineering practice are limited, 
much improvement can be realized if the 
institution itself makes a concerted effort 
to attract such work for interested staff 
members. 

Participation of staff members in the 
activities of the professional societies 
should be encouraged and financially sup- 
ported by the institution. This is not to 
suggest that the dues of staff members 
be paid by the institution, but attendance 
at a national meeting of at least one 
professional society yearly and local meet- 
ings might be profitably underwritten. 
These meetings afford an excellent op- 
portunity for teachers to exchange ideas 
with other people in engineering. This 
exchange brings fresh ideas and concepts 
to the campus. Many ideas for improving 
teaching techniques, broadening of out- 
look, improvement of course objectives 
and gaining of professional recognition 
are a direct reward for participation in 
professional society activities. It is clear 
that the institution itself also shares in 
these rewards. 

The survey showed a need for active 
responsibility on the part of the engineer- 
ing educator. It is a grave indictment 
of the teaching profession that these 
former educators, in their experiences, 
were not permitted to assume serious re- 
sponsibilities. Certainly professional re- 
sponsibility is a distinguishing attribute 
one expects to find in any true profession. 
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Furthermore, in the denial of profes- 
sional responsibility lies the cause of 
which the other dissatisfactions enumer- 
ated are merely the effects. Given re- 
sponsibility, a faculty is in a much better 
position to work out its own salvation, so 
to speak. 

One might well ask then what specific 
responsibilities should be given to the 
faculty. Space does not permit a de- 
tailed discussion of the collective and in- 
dividual responsibilities which should be 
given faculty members. Generally speak- 
ing, the faculty should be given full re- 
sponsibility in those areas in which it is 
collectively most competent to exercise 
responsibility and in those other areas 
essential to maintaining complete freedom 
of expression and action. Full faculty 
responsibility is needed in determining 
the objectives of the various disciplines 
of study, the curricula for attaining these 
objectives, and the development and effi- 
cient use of faculty talerits in supporting 
the curricula. In order to maintain com- 
plete freedom, the faculty must be re- 
sponsible for determining its own mem- 
bership, emoluments, promotions and the 
apportionment of available academic 
funds. 


Conclusion 


Engineering teaching offers a clear 
challenge when it is recognized that the 
engineering educator is both engineer and 
teacher. When the engineering educator 
cannot grow as an engineer, it is inevitable 
that he will fail as a teacher. The chal- 
lenge becomes increasingly more clear in 
the mission of engineering education to 
develop in students intellectual curiosity 
and engineering skill, a desire to accept 
broad responsibilities, the ability to think 
analytically and critically, inventiveness, 
a true sense of values and human under- 
standing. To recognize this challenge, 
the engineering educator must experience 
it in his own life and to meet the chal- 
lenge he must continue to grow in pro- 
fessional stature all of his life. To stand 
still is to fail. 


Acknowledgment 


The writer wishes to express his in- 
debtedness to the many colleagues and 
former colleagues in engineering educa- 
tion who have contributed to the prepara- 
tion of this paper, and, in particular, to 
Dean Ashley S. Campbell for many valu- 
able suggestions. 


First lowa Thermodynamics Symposium 


Recent developments in thermodynam- 
ies will be considered at the First Iowa 
Thermodynamics Symposium to be held 
April 27 and 28, 1953 at the State Uni- 
versity of Iowa at Iowa City. The sym- 
posium will deal in particular with proe- 
esses involving heat and mass transfer. 
Applications of the topies to be discussed 
will be found in the fields of jet engines 


and many other phases of gas dynamies. 
The symposium is designed for persons 
in the academic field and in industrial re- 
search engaged in advanced thermody- 
namics. 

For further information write to 
Dean Francis M. Dawson 
College of Engineering 
State University of Iowa 
Towa City, Iowa 


Subject Admission Requirements of 
Engineering Colleges* 


By M. I. MANTELL 


Chairman, Department of Civil Engineering, University of Miami 


The catalogs of 126 engineering col- 
leges were used by the writer to tabulate 
the subject admission requirements dur- 
ing the years 1949-50 and 1950-51. 

* Presented at the Annual Meeting, South- 
eastern Section, American Society for En- 
gineering Education, April 11, 1952, Clem- 
son College. 


TABLE I 


TotaL PRESCRIBED ENTRANCE UNITS 
ENGINEERING COLLEGES, 1949-51 


(126 Institutions) 


Number of Number of Units 
Institutions Prescribed 

3 0.0 

1 2.0 

2 2.5 

3 3.0 

5 3.5 

3 4.0 

2 5.0 

3 5.5 

8 6.0 

9 6.5 

13 7.0 

4 7.5 

20 8.0 

2 8.5 

9 9.0 

11 9.5 

14 10.0 

3 10.5 

3 11.0 

11.5 

2 12.0 

1 12.5 

1 13.5 

1 16.0 
Total 126 Median 8.1 


These data are summarized in Tables I 
and II. Required units which were speci- 
fied to be from one or more of several 
broad fields of study of from a choice 
of more than two subjects were not listed. 
Institutions allowing a choice of two sub- 
jects were not included in the zero unit 
column of either subject. 

The trend in entrance requirements 
from 1895 to date shows a considerable 
change in the number of different sub- 
jects being specified, the number decreas- 
ing from approximately fifty-three to 
thirteen. Of the more common entrance 
subjects, algebra has shown very little 
change in the percentage of institutions 
requiring it during the approximately 
fifty year period. The subjects of physics, 
drawing and social studies have shown a 
gradual decline, since 1895, in the per- 
centage of. institutions requiring them. 
The percentage of institutions requiring 
plane geometry, solid geometry, chemistry, 
English, and foreign languages was higher 
in 1924-25 than in 1895, but decreased 
again by 1949-51; the sharpest decrease 
being in foreign languages. Trigonometry 
was the only subject showing a gradual 
inerease during the entire period. 

In terms of Carnegie units, the median 
number of prescribed units has decreased 
from 9.1 in 1924-25 to 8.1 in 1949-51. 
One institution presently sees fit to pre- 
seribe the entire high school program, 
thereby increasing the range of number 
of units prescribed from a range of 5 to 
13.5 in 1924-25 to a range of zero to 16 
at present. 
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SUBJECT ADMISSION REQUIREMENTS 


TABLE II 


SumMMARY OF ENTRANCE REQUIREMENTS FOR ENGINEERING COLLEGES, 1949-51 
(126 Institutions) 


% of Institutions Requiring Indicated Units 
Subject 
0 2 1 1} 2 3 4 
Plane Geometry 2 0 97 0 0 0 0 
Pl. Geom. or Adv. Alg. 1 
Algebra 2 0 6 65 27 0 0 
Adv. Alg. or Sol. Geom. 3 
Solid Geometry 38 53 0 0 0 0 0 
Sol. Geom. or Trig. 6 
Trigonometry 61 32 0 0 0 0 0 
Physics 55 0 29 0 0 0 0 
Physics or Chem. — 16 — 
Chemistry 70 0 14 0 0 0 0 
Biological Science 99 0 1 0 0 0 0 
General Science 99 0 1 0 0 0 0 
Science* 33 24 2 — 
Foreign Language 79 0 0 0 14 2 0 
For. Lang. or Soo. St. 3 1 
Social Studies 51 0 36 0 8 1 0 
Drawing 98 0 2 0 0 0 0 
English 14 0 0 0 2 65 19 
Health-Phys. Educ. 99 0 1 0 0 0 0 


* Required units in addition to other science, when others are specified. Thirty-three per 
cent of the institutions do not require any type of science. 


Articulation of High School and College 


A tabulation of subject admission 
requirements becomes far more meaning- 
ful if it is also possible to determine to 
what extent the admission requirements 
are articulated with the college work in 
each institution. The extent of this articu- 
lation may become more apparent if ref- 
erence is made to certain college courses 
related to the high school courses required 
for admission. Table III shows a sum- 
mary and comparison of the high school 
entrance and related college course re- 
quirements. 

From this table it appears that trigo- 
nometry is the subject which the colleges 
believe can be most effectively taught at 
the high school level; that is, sixty-five 
per cent of the forty institutions re- 
quiring high school trigonometry show 


their satisfaction with the high school 
treatment of the subject by not requiring 
it at the college level. 

High school algebra is accepted, with- 
out college algebra, by forty-one per cent 
of the thirty-four institutions requiring 
two units of algebra for admission. The 
other entrance subjects (except plane and 
solid geometry, which are not given for 
college credit) are required, by the great 
majority of the institutions to be taken 
at the college level regardless of whether 
or not they were taken in high school. 
In some few instances special sections, 
carrying a smaller number of college 
credits are indicated for students having 
the high school subject; a few institutions 
indicate that special examinations may be 
taken which, if passed, may substitute 
for the college course. 
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The institutions which are willing to 
accept high school courses in algebra 
and trigonometry without their college 
equivalent tend to be those institutions 
which can be highly selective in admis- 
sions. However, none of these institutions 
will accept high school chemistry or 
physies in lieu of their college equivalents ; 
nor do those institutions requiring high 
school. physics and chemistry tend to re- 
quire less semester hours in college, as 
may be noted from the range of credits 
shown in Table ITI. 


Evaluation Of Admission Requirements 


The records of 190 engineering students 
at the University of Miami were used in 
attempting to evaluate the subject ad- 
mission requirements which would be most 
likely to affect success in the engineering 
school. Comparison of the college grades 
of matched pairs of students, one who 
had not and one who had taken the par- 
ticuiar high school subject, were used as 


the measure of relative contribution of 
each entrance subject towards success in 
the engineering school. The pairs of 
students were matched initially by using 
equivalent percentile scores made on the 
American Council on Education Psycho- 
logical Examination for College Fresh- 
men. Grade point numbers of five for 
A, four for B, three for C, and two for 
D and one for F were used. 

These data are shown in Table IV. 
The highest critical ratio of 2.67 was in 
the instance of chemistry—indicating a 
superiority (significant at the one per 
cent level) of those students entering 
with high school chemistry. Students 
entering with high school advanced 
algebra showed a superiority (significant 
at the three per cent level) in college 
algebra. Similarly students entering with 
high school trigonometry, mechanical 
drawing and physics tended to make 
higher grades than those without the 
high school background for the equivalent 


TABLE III 


SuMMARY OF COLLEGE ENTRANCE AND RELATED REQUIREMENTS 
(126 Institutions) 


Instit. Req. in Coll. 
Subject (H. S. Units) 
Number Per cent 

Algebra (0) 3 3 100 3 to 3:3 
Algebra (1) 7 6 86 0 to 5 
Algebra (13) 82 74 90 0 to 53 
Algebra (2) 34 20 59 0 to 5 
*Trigonometry (0) 86 86 100 1:Site: 3:3 
Trigonometry (4) 40 14 35 “to: 
*Physics (0) 89 89 100 6 to 15.3 
Physics (1) 37 37 100 6 to 16 
*Chemistry (0) 108 108 100 4 tol2 
Chemistry (1) 18 18 100 6 told 
Drawing (0) 124 123 99 0 to 73 
Drawing (1) 2 2 100 2 to 3.7 
English (0) 18 18 100 6 tol2 
English (2) 2 2 100 6 to 9 
English (3) 82 81 99 0 tol6 
English (4) 24 24 100 2 to18 
*For. Language (0) 106 i 1 0 tol2 
For. Language (2) 17 0 0 — to— 
For. Language (3) 3 1 33 0 “te 4 


* Includes institutions allowing a choice of subjects. 
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TABLE IV 


SussecT CoMPARISON OF COLLEGE GRADES 
(Matched by A.C.E. Scores) 


Grade Grade 
H. S. Course College Course P P 
H. S. Course | H. 8S. Course 
Adv. Alg. Algebra 106 3.72 3.32 2.19 
Adv. Alg. An. Geom. 96 3.21 3.02 0.98 
Adv. Alg. Calculus 90 3.31 3.36 —0.23 
Pl. Geom. Trig. 50 3.52 3.16 1.16 
Pl. Geom. An. Geom. 48 3.21 2.96 1.00 
Pl. Geom. Des. Geom. 50 3.56 3.56 0.00 
Pl. Geom. Calculus 44 3.00 3.50 —1973 
Trig. Trig. 146 3.82 3.55 1.50 
Trig. An. Geom. 120 3.23 3.07 0.90 
Trig. Calculus 120 3.28 3.43 —0.75 
Sol. Geom. An. Geom. 132 3.32 3.18 0.78 
Sol. Geom. Des. Geom. 152 3.74 3.43 2.07 
Sol. Geom. Calculus 130 3.44 3.38 0.33 
Drawing ‘Eng. Draw. 150 3.95 3.84 1.05 
Drawing Des. Geom. 150 3.53 3.47 0.38 
Physics Physics 104 3.34 3.30 0.27 
Physics D.C. Mach. 62 3.19 3.23 —0.16 
Physics A.C. Mach. 42 3.38 2.86 1.79 
Physics Mechanics 58 3.38 3.19 0.83 
Physics Thermo. 44 3.23 3.50 —0.90 
Physics Stren. Mat. 44 2.77 3.05 —0.88 
Chem. Chemistry 148 3.39 3.07 2.67 


basie college course—although the differ- 
ences were not very significant. 

However it is interesting to note that 
in most instances as the matched pairs 
moved into more advanced college work, 
the superiority of those with the high 
school background course decreased and 
even changed into the negative. Although 
the differences are not very significant, 
the data show such tendencies as students 
performing better in calculus for not hav- 
ing had high school trigonometry and 
worse in thermodynamics for having had 
high school physics. 

A biserial correlation between entrance 
subjects and all 2086 college courses 
evaluated resulted in a biserial r of 0.07; 
the biserial r for 986 courses above the 


freshman level was 0.01—which indicated 
practically zero correlation between en- 
trance and college subjects. 

Such results seem inconsistent with 
what one would logically expect; how- 
ever, subjective discussions with many of 
the students and faculty involved revealed 
a possible explanation. The students with 
previous high school instruction, when 
finding themselves in the same college class 
as those without previous instruction in 
the subject, tend to become overconfident 
and rely too much on previous knowledge. 
There is a tendency to slight the work 
as much as possible; repetition of much 
of the subject matter results in the course 
becoming tiresome, distasteful, and de- 
structive of interest—fostering careless 
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habits of work. The students without 
previous high school instruction usually 
found it necessary to take their work 
more seriously, found it of greater in- 
terest and developed good work habits— 
which might account for a superiority in 
the advanced work. 


Summary and Conclusions 


Historically, subject admission require- 
ments seem to have been those subjects 
which the colleges considered a necessary 
part of education, yet which could be 
handled adequately by the preparatory 
schools. Differences of opinion as to 
which subjects are a necessary part of 
education, differences as to which subjects 
can be done adequately by the preparatory 
schools, and the spontaneity of the de- 
velopment of American education, have 
resulted in the wide variation to be found 
in present subject admission require- 
ments. 

The 126 engineering colleges studied 
are apparently in complete agreement 
about five of the usual subject admission 
requirements being a necessary part of 
education; algebra, trigonometry, physics, 
chemistry, and English are required by 
every one of the colleges. They are, 
however, in considerable disagreement as 
to whether these same subjects should be 
taken in the high school only, college only, 
or in both high school and college. In all 
other listed entrance subjects there are 
disagreements as to whether or not they 
should be required at all, and if required, 
the location of training varies. Trigo- 
nometry and algebra are the only high 
school courses frequently accepted in lieu 
of the college equivalent; and these are 
aecepted by only twenty per cent, or 
less, of the institutions whose catalogs 
were studied. 

The engineering colleges, having speci- 
fied admission requirements, do not seem 
to maintain a consistent policy in regard 
to the synthesis of the required high 
school courses with the college program. 
Certain engineering schools will require 
high school courses in some subjects and 
not require courses in these subjects at 


the college level. The same school will 
require other courses in both high school 
and college; and require still other courses 
at the college level only, regardless of 
whether or not the subject was taken in 
high school. The engineering schools 
which have no specific admission require- 
ments are consistent; but consistency 
which apparently ignores or places little 
value on previous training is hardly 
sufficient. 

The engineering colleges, in all proba- 
bility, have found it difficult to be con- 
sistent or liberal in their acceptance of 
preparatory training because of the wide 
variations in the preparatory training and 
the usual emphasis in the preparatory 
schools on consumer instead of profes- 
sional use of mathematics and science. 

There seems to be no objective evidence 
validating the subject admission require- 
ments which have been established for the 
various engineering colleges. The evalua- 
tive data presented in this study repre- 
sents the results as found in a single 
institution; however, lacking contrary 
evidence, this data seems to allow the in- 
ference that (as similarly has been shown 
by many studies of liberal arts college ad- 
mission requirements) there are no par- 
ticular high school courses which lead to- 
wards success in the engineering school. 

Engineering is based upon mathematics 
and the physical sciences, and an interest 
in and aptitude for these fields is im- 
portant if an individual is to be a suc- 
cess in the profession. However, there 
is little point in the individuals’ taking 
a full scientific program in high school 
to the neglect of other courses at least 
equally important. It would seem de- 
sirable for the engineering schools to 
advise entrance preparation with goals 
of: the building of a balanced back- 
ground of general knowledge, discovery 
of the fields in which the individuals’ 
interests and aptitudes lie, and a flexi- 
bility of program to allow the longest 
possible delay in making the final choice 
of, educational and vocational goal. 

There seems to be evidence indicating 
that it might be preferable to require the 


seconda 
tural 01 
traditio 
sizing 
would 
non-tee! 
curricul 
relievin 
prograt 
Whil 
shortag 
neering 
sider i 
school 
dents fi 
to 
exceller 
nied a 
because 
veloped 
specifie 
require 
appare 


A st 
type of 


will 
school 
ss of 
en in 
shools 
quire- 
tency 
little 
ardly 


roba- 
con- 
ce of 
wide 
and 
atory 
rofes- 
ce. 
dence 
juire- 
yr the 
alua- 
epre- 
‘ingle 
trary 
ie in- 
hown 
e ad- 
par- 
d to- 
ol. 
laties 
erest 
im- 
sue- 
there 
chool 
least 
de- 
s to 
yack- 
very 
uals’ 
flexi- 
igest 
noice 


iting 
2 the 


secondary training to be primarily in cul- 
tural or general education, instead of the 
traditional entrance requirements empha- 
sizing mathematics and science. This 
would allow a depression of much of the 
non-technical portion of the engineering 
curriculum down into the high school, 
relieving the essentially crowded college 
program. 

While the nation faces such a serious 
shortage of students entering the engi- 
neering colleges it might be well to con- 
sider interest and aptitude, above high 
school background, in selecting the stu- 
dents for admission. It would be difficult 
to estimate the number of potentially 
excellent students who have been de- 
nied admittance to engineering colleges 
because their interest in engineering de- 
veloped too late for them to acquire the 
specified subject admission requirements, 
requirements based upon theories which 
apparently do not conform to fact. 


Further Studies Needed 


A study to determine the number and 
type of high school courses which would 
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most efficiently indicate interest in and 
aptitude for engineering. 

Additional experimentation the 
feasibility of accepting high school courses 
in algebra, trigonometry, physics, chem- 
istry and drawing in lieu of their college 
equivalents; or of giving college level 
courses in these subjects in the high 
school (the original intention of admis- 
sion requirements). 

A study of repetition of subject matter 
at the college level. This might be done 
by noting the effect of experimental 
groups taking upper level courses with- 
out the usual prerequisite of the basic 
course. 

A study to determine whether or not 
adequate general education could be at- 
tained by greater emphasis on general 
education in engineering college admis- 
sion practices, and by a more broadly 
integrated technical curriculum. 

Additional evaluative data of current 
admission practices at other institutions, 
similar to that shown in Table IV, to 
supplement the data presented herewith. 
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An Outline of Certain Processes of 
Reasoning in Research 
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Assistant Dean, Graduate Division, College of Engineering, New York: University 


The tremendous growth of research in 
the last thirty years has directed attention 
to its organization, management, and pro- 
cedures. Because of the large sums of 
money, facilities, and personnel involved, 
and the desire to use these effectively and 
efficiently, examination and analysis of all 
procedures in use are constantly appro- 
priate. Although a substantial literature 
is developing in the area of the manage- 
ment of research and development, the 
strictly technical literature of the various 
experimental sciences is almost barren of 
specific information concerning research 
procedures, except occasionally a vague 
reference to the scientific method without, 
however, amplification as to how it is used 
as part of the research process. How- 
ever, in the field of philosophy and logie, 
there is available an extensive literature 
on the scientific method, but compara- 
tively few students, planning a career in 
scientific research, elect courses in these 
fields as part of their formal training. 
When such courses are elected, there may 
develop a feeling of frustration or non- 
applicability of subject matter, due to the 
abstractness of treatment. Many of the 
more philosophical writers on the subjects 
are not experimental scientists, and as a 
result, their language, illustrations, and 
approach may seem unfruitful to the eager 
young scientist interested in research. 

Such frustration is neither necessary 
nor desirable. The modern concept of the 
scientific method, when properly consid- 
ered, includes a multiplicity of sequences 
from an awareness of a problem to be 
solved to its successful conclusion and con- 
stitutes a disciplinary and directive phi- 


losophy of substantial value. We are 
concerned here, however, only with cer- 
tain complex reasoning processes and 
their influence on the design of experi- 
ments and the selection of an experi- 
mental path leading to the solution of a 
problem. 

Because of the appeal of research as a 
means of satisfying the curiosity of in- 
dividuals and the desire to add to our 
knowledge of man and his environment, 
an increasing number of individuals are 
entering the field and are beginning to 
learn something of its philosophy and 
practices. This paper has been prepared 
in order to stimulate more extensive study 
by this young group of the literature re- 
lated to the scientific method in general, 
and that of logic in particular, and at the 
same time, to present certain aspects of 
the methodology of research from a fresh 
viewpoint. Although these remarks are 
directed principally to this new group, 
the experienced investigator may find here 
and there a point of interest or basis 
for reflection. An effort has been made 
to winnow some fundamental principles 
from a vast amount of material and estab- 
lish a framework for use in the design of 
experiments. It has been undertaken with 
apprehension, because of its departure 
from the standard presentation and the 
somewhat unrestrained interpretation and 
application of classical concepts. Certain 
ideas will be presented by means of 
arbitrary, diagrammatic representations, 
which have been introduced, because 
most researchers have high structural 
visualization, and, therefore, may give 
clarity to the subject. 
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Instances and Their Treatment 


All fields of knowledge employ certain 
terms to described particular concepts. 
Various expressions from the field of 
logic will be used frequently and defined 
as they occur. One of these, of immediate 
interest, is the term “instances,” which may 
be defined as any single fact pertaining to 
a thing, a physical or chemical property, 
an attribute, or event, which may be in- 
vestigated scientifically and used to form 
an hypothesis or theory. A related num- 
ber of instances may be grouped so as to 
form a phenomenon, or several groups 
combined to give the phenomena. 

Through chance observation and as the 
result of designed experiments man has 
learned various facts. Over the course of 
time, these facts have been verified, ex- 
perimentally or otherwise, and allowed to 
accumulate to form a reservoir or store- 
house of knowledge. It is from this ac- 
cumulation that man, by varying degrees 
of sagacity, has chosen those single in- 
stances, or combination thereof, which in- 
tuitively he suspects will lead to a solution 
of a problem. 


Classification 


Among the various traits which char- 
acterize investigators is the desire for 
elassification—the ambition to bring order 
out of apparent confusion and establish 
a basis for convenient use and under- 
standing of facts and their relationships. 
The desire for an orderly arrangement of 
facts—a form of “factual tidiness” is in- 
herent in the make-up of the true scientist 
who wants to have his knowledge organ- 
ized in a readily available and usable 
form. Neatness and apportionment are 
essential to the peace of mind of the sci- 
entist, so that his reasoning processes will 
be unencumbered by any disturbing dis- 
array. Scientists are not content with 
facts when seen in isolation. 

A mere collection or accumulation of 
instances—facts—does not constitute a 
science any more than a pile of bricks is 
a house or other useful structure. Since re- 
search is a form of human action which re- 
sults usually in the discovery of new facts, 
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a sound and fruitful method must be 
found to group, or bind, the facts together 
for useful purposes. The aptitudes of the 
investigator are concerned not only with 
discovering new and isolated facts, but 
should go beyond, and be so developed as 
to extend to the perception of wholes or 
patterns and consequences thereof. 

As classification is an important element 
of reasoning in research, a few comments 
may be helpful to indicate its significance. 
Classification is a mental process carried 
out by an individual and consists of notic- 
ing or detecting certain similarities in at- 
tributes or qualities of things or phenom- 
ena considered in determining the classifi- 
cation. Or, classification may be described 
as the process of recognizing or identify- 
ing at least one trait or point of similarity 
shared in common by a number of in- 
stances or phenomena, and mentally as- 
sociating these in a single group or class. 
The system of classification used may be 
based upon established or acceptable con- 
cepts or a working definition tentatively 
postulated for purposes of exploration. 
A classification may be depicted by a di- 
agram, chart, figure, or in tabular form, 
as, for example, in the Periodic classifica- 
tion of the chemical elements. 

In making the classification, an ap- 
praisal of value may be applied. It is 
rated of high value if there are many 
significant points of similarity and of low 
value if there are only a few similarities. 
The more points of similarity the more 
homogeneous and satisfactory will be the 
classification. 

It is a matter of common knowledge 
that some individuals, on rare occasions, 
and more frequently in the case of ex- 
perienced investigators, have the uncanny 
faculty to select, from a vast array of 
diversified instances, those having certain 
common similarities and bring them into 
a given classification. In some eases, 
based upon their selections and reflections, 
prediction may be made of what will 
probably be observed in a designed ex- 
periment or indication of the path to be 
followed toward the solution of a given 
problem. Apparently, detecting similar- 
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ities or likenesses is, in some aspects, more 
difficult than recognizing dissimilarities. 
In any ease, the attempt to establish order 
among facts is a difficult task at which 
few sueceed significantly. It cannot be 
reduced to a set of procedures which, 
when faithfully followed, will guarantee 
suceess. Classification will be considered 
later as part of the process of hypothesis 
formation. 


Preliminaries to Experimental Research 


A number of preliminary procedures 
are usually involved prior to the physical 
design of any experiments as, for ex- 
ample, the application of dimensional and 
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It is well to realize that the purpose of 
carrying out an investigation is based 
upon the desire to add to knowledge, ir- 
respective of whether or not the results 
are to be applied immediately or perhaps 
in the future. In any case, the researcher 
is operating at the frontiers of knowledge 
and hopes, through a successful solution, 
to expand a limited portion of these 
frontiers. 

One of the initial steps undertaken by 
the researcher with a problem to investi- 
gate is that generally known as the “liter- 
ature search,” the mechanics of which may 
be represented graphically as follows— 
Fig. 1: 


Fig. 


statistical analysis. We are concerned at 
this point, however, only with certain pro- 
cedures which usually come before the ap- 
plication of these important mathematical 
tools. One of the first steps in a research, 
in which the objective is clearly defined, 
is to determine which elements of the solu- 
tion are available in the literature, but 
have not as yet been correlated or treated 
as part of the approach to the solution 
of the designated goal. The procedure to 
be immediately described applies partic- 
ularly to the individual who is just about 
to begin his first research and who, al- 
though well grounded in the fundamentals 
of the broad field of the research, has not 
worked sufficiently long in the limited 
area of the research to have become fa- 
miliar, as part of his working knowledge, 
with the particular instances that are in- 
volved. 


In Fig I—A, the solid line xy represents 
an arbitrary designation separating the 
area of knowledge, represented by crosses, 
from the unknown area. The dotted line 
Imn indicates a part of the unknown area 
circumscribed by the objective of the re- 
search. That is, if the investigation is 
successful, the new frontier of knowledge 
will be represented by a solid line xlmny. 
The boundary line xy is indefinite, located 
in a penumbra region and positioned by 
the skill (knowledge) and experience of 
the investigator. The line Imn is more so, 
the whole being a tentative arrangement 
for more solid construction. In Fig. 1-B, 
the instances from the known area, which 
the investigator suspects are part of the 
solution to the problem, have been trans- 
ferred in a purposeful manner to the pro- 
posed area of investigation and thereby 
to begin the population of the region to 
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be added to knowledge. Fig. 1-C repre- 
sents a segregation of related instances in 
the new area, thereby disclosing, both in 
magnitude and nature, known portions 
and unknown gaps to be filled. In other 
words, as a result of a careful study of 
the literature, it is disclosed that what was 
thought at first to be an area of which 
nothing definite was known now reduces 
to one of which certain portions are more 
clearly defined and other areas which must 
be investigated experimentally to develop 
the necessary information for complete- 
ness and inclusion within the new fron- 
tiers of knowledge. 


Hypothesis Formation 


This leads to a consideration of certain 
mental processes related to the design of 
an experiment and selection of experi- 
mental paths toward the solution of the 
problem. Whereas the various processes 
of classification operate on a certain in- 
tellectual plane, the intensive exercise of 
the same general analytical aptitudes can, 
in certain groups of individuals, give rise 
to syntheses and inferences of importance 
through the processes of reflective think- 
ing and reasoning. In analyzing these 
processes, we may use a graphical ap- 
proach, but with objectives and conse- 
quences of an heuristic nature. 

It has been suggested that by means of 
classification a working basis may be 
established for extending the frontiers of 
knowledge. Occasionally, certain individ- 
uals, capable of varying degrees of signif- 
ieant thinking, and under free will, eco- 
nomic and other pressures, have gone an 
important step beyond classification and 
through uncanny insight, sometimes re- 
ferred to as a flash of genius, discernedly 
take instances from this, that, or the other 
field, which, when fused together, result 
in a formulation which may be used as a 
basis for further exploration—the hy- 
pothesis. 

Although the term hypothesis is fre- 
quently used in research parlance, it is 
desirable to review briefly its formulation, 
significance, and importance in the se- 
quences of research procedures. An hy- 
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pothesis is defined as a comprehensive but 
tentative interpretation of certain phe- 
nomena, to be considered as possibly true 
until there has been an opportunity, ex- 
perimentally or otherwise, to bring all 
related instances into comparison. The 
initial hypothesis, pending verification, 
may be regarded as a “working” hypothe- 
sis, so that it may serve for immediate 
purposes of correlation and suggestive of 
a method of solution of a given problem. 
It is a tentative guess, or a scaffold, to aid 
in the construction of a more permanent 
structure. 

A good hypothesis should: (1) bring 
together, in a simple manner, a given 
number of instances and interpret the 
connection between them; (2) be fruitful 
—fertile—that is, suggestive of significant 
deductions which are testable; (3) be com- 
prehensible and not inconsistent. 

In describing the creation and use of 
hypotheses, several terms are used. Two 
of these, induction and deduction, present 
difficulties in defining, because of the com- 
plexities involved and the evolution of 
interpretation which has taken place over 
the course of time by many minds. Both 
are concerned with thought processes. In 
its simplest form “induction” may be de- 
seribed as the process of reasoning where- 
by a selected group of instances are syn- 
thesized into a hypothesis and “dedue- 
tion,” the process whereby consequences 
are inferred from the hypothesis. On the 
basis of the foregoing, it has been ad- 
vanced that induction is the reverse of de- 
duction, but this is only true in the sense 
of convergence and divergence as illus- 
trated by what follows. Many thought 
processes are both in fact inductive and 
deductive, depending upon the point of 
view during interpretation. 

Classification has been treated as 
though it was an independent operation 
on the mind which stopped at mere clas- 
sification. Actually, in many cases, while 
the process of classification is in process, 
the mind is not only seeing relations be- 
tween instances, but also a possible in- 
terpretation of some phenomenon—that 
is, forming an hypothesis. The two opera- 
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tions may proceed simultaneously, so that 
in certain cases, particularly in new fields, 
the two processes are inseparable. 

The relation between the processes of 
classification, inductive reasoning, hypoth- 
esis formation, deductive reasoning, and 
inferences is shown graphically in Fig. 2. 

The above tends toward oversimplifica- 
tion. It is a condensation product which 
could readily be expanded to encyclopedic 
proportions. In the abridging process, 
certain concepts have been submerged and 
fine shades of meaning blended in the 
microdiagram. 

In any ease, it is not an expression of 
reasoning in the nature of a final product, 
but rather a mobile equilibrium product 
or condition in dynamic harmony with the 
state of knowledge at the time of formula- 
tion and the grasp of relations by the 
reasoner at the time of reflection. It con- 
sists of a multiplicity of reversible mental 
processes involving the sagacious selection 
and rejection of instances and conse- 
quences until a usable, consistent, fertile, 
and workable hypothesis is established 
which the mind (tentatively) feels is valid 


and which appears to give promise that it 
will be helpful in attaining the objective. 
However, the type of mind we are describ- 
ing is probably never completely satisfied, 
but continues the process of selection, 
sorting and joining facts (jig-saw fash- 
ion) in an attempt to construct a com- 
posite picture in which all parts fit. One 
has no measure of the conscious or sub- 
conscious trials and errors which have 
taken place on a mental blackboard of 
some investigator until a flash thought— 
a mental leap (inductive)—points the way 
toward a simple formulation (hypothesis) 
in which all relevant instances are har- 
moniously absorbed or consolidated. It is 
a method of approximation. Hypotheses 
are tentative and cannot, in many cases, 
be exhaustively verified. Therefore, the 
frequent use of the word “probable” in 
connection with hypotheses. 


Reasoning Process 


In the beginning of the reasoning proc- 
ess, interchange of instances takes place 
between (1) and (2) (Fig. 2) until a 
combination or classification is attained 
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which is amenable to inductive reasoning. 
The next procedure, resulting in a hy- 
pothesis, is represented by the interaction 
between (2) and (3). These operations 
or thought processes may proceed in- 
stantly, or extend over varied and some- 
times long periods, depending upon the 
eomplaceney of the conceiver. However, 
such a mind, once started, and perhaps in 
a state of mental momentum is not con- 
tended to stop at (3). Whether, as in- 
dicated, through an idea momentum or 
vision, one may suspect consequences of 
the generalization or hypothesis. This 
leads to the process of deductive reason- 
ing and the proliferation of consequences 
as represented by step (3) to (4). If, as 
the result of deductive reasoning, the conse- 
quences appear illogical, improbable, im- 
possible, unreasonable, or contrary to ex- 
perience and scientific law, the mind (the 
true scientific and unbiased) re-examines 
each deduction, reasons and modifies the 
hypothesis, until eventually complete har- 
mony exists between (3) and (4). In this 
process, it may be necessary, and usually 
is, to examine all aspects. In other words, 
before the mind is satisfied, complete in- 
ferential agreement must exist between all 
phases and stable equilibrium prevails be- 
tween stages (1), (2), (3), and (4). 
Due to the limited comprehensiveness of 
the normal intellect, all consequences of 


an hypothesis are usually not deduced by . 


asingle mind and confirmed by recourse to 
memory. Additional significant deduc- 
tins may be suggested by co-workers. 
All consequences are, therefore, listed and 
confirmation sought in the literature or 
experimentally. This brings us to an im- 
portant observation. As the result of the 
foregoing treatment of instances, a new 
and unsuspected experiment to be tried 
may be indicated, or even a new field for 
research suggested. As indicated, a good 
hypothesis should not only weld together, 
in homogeneous agreement, a given num- 
ber of instances, but should also suggest 
consequences of importance. Such conse- 
quences, when confirmed experimentally 
and their validity established, become in- 


AN OUTLINE OF PROCESSES OF REASONING IN RESEARCH 


415 


stances to be added to the storehouse of 
knowledge and form the basis for a fur- 
ther expansion of the frontiers of knowl- 
edge. 

The greater the number and impressive- 
ness of instances included initially, the 
broader and more fundamental will be the 
resulting hypothesis. If based upon a 
sufficiently comprehensive number of in- 
stances and confirmed by an adequate 
number of experimentally proven conse- 
quences, the initial “working hypothesis” 
assumes the status of a valid hypothesis, 
and upon further confirmation, gives rise 
to various theories. If, over a long period 
of time and exposure to testing, no ex- 
ceptions are found to a given relationship, 
a law of science may be formulated. 


Laws of Nature and Science 


A law of nature is an order or relation- 
ship detected in nature by some human 
observer based upon his investigations of 
an area of nature. It is a simple state- 
ment of facts, which may, in some cases, 
be expressed in mathematical form. The 
laws of science, in general, are not directly 
concerned with specific things, but rather 
with abstractions from them. For ex- 
ample, the law of gravitation is concerned 
with the forces acting between bodies, but 
there are numerous physical and chemical 
properties about which the law is silent, 
or uncommunieative. A law of nature is 
a summarization, or integration of a num- 
ber of facts, the relationship or signif- 
icance of which may be explained or clari- 
fied by a theory. 

The nascent hypothesis and deductions 
therefrom are, up to this point, the prod- 
uct usually of one mind with its limita- 
tions, inadequacies, and importantly, prej- 
udices. The originator, having exhausted 
all combinations and processes of reason- 
ing and confident of his conclusions, and 
having faith in the integrity and sympa- 
thetic understanding of his fellow workers 
and the mutual desire for the advancement 
of knowledge, exposes and discloses the re- 
sults of his reasoning processes by publi- 
eation or otherwise. 


| 
Law | 
\, 
Law 


416 


Now the whole process begins anew. 
Compatible minds, interested and expertly 
familiar with the field of knowledge in- 
volved, dissect, analyze, reorient their 
views and allow an independent reasoning 
process free rein to evaluate the results of 
the creator of the new hypothesis. If we 
look upon the original hypothesis as rep- 
resenting equilibrium, we now find, unless 
all who study it agree with the premises 
and conclusions, that conditions (criti- 
cisms) will be advanced which have the 
effect of disturbing the equilibrium, which, 
in turn, will result in a shift to a new 
equilibrium (modified hypothesis). The 
extent of the resulting modification of the 
original hypothesis will depend upon the 
nature of each criticism and the number 
of confirming investigations involved. If, 
in time, general agreement of a modified 
hypothesis is reached, the resulting prod- 
uct will probably be superior. 

Because of the interest developed, study 
of the hypothesis does not cease at this 
stage. Other minds, ordinarily not con- 
cerned with the field of research repre- 
sented by the hypothesis, become inter- 
ested and see applications in their partiec- 
ular field, and undertake investigations to 
determine its applicability. This transfer 
to another field may result in further 
modification. And so it will be seen that 
any hypothesis may undergo a sort of fis- 
sion process. 

At times, several rival hypotheses may 
be extant. Under these circumstances, a 
crucial experiment (experimentum crucis) 
is undertaken. It is a critically designed 
experiment to provide data with which 
one hypothesis is consistent and which is 
inconsistent with another. 

A given number of instances may be 
selected to constitute a particular field of 
knowledge. The number of such instances 
may be large. One investigator may 
choose a certain group of instances and 
formulate an hypothesis while another in- 
vestigator may choose another group from 
the same field and formulate what appears 
to be a different and unrelated hypothesis. 
But this is not necessarily so. All the 
instances involved in each case came from 
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the same classification and from the na- 
ture of the classification process must have 
had some characteristics in common. This 
leads to the suspicion that both hypotheses 


. are related and may be integrated into a 


single super-hypotheses. This develop- 
ment is illustrated by the contributions of 
Copernicus, Galilei, Newton, and Einstein, 

There remains another situation which 
illustrates a still different mechanism of 
reasoning and which has been very fruit- 
ful as a means of formulating a working 
hypothesis to aid in the experimental de- 
sign of some investigation or establish a 
basis of explanation for consequences not 
verifiable experimentally. In the cases 
studied thus far, the conscious mind is the 
one considered as functioning. We must 
give some consideration now to the role 
of the subconscious mind, although the dis- 
tinction between the two is very indefinite. 
In this discussion, the subconscious mind 
is considered as exerting an effect when 
the body is completely dissociated from en- 
vironmental factors disturbing to thinking 
and engaged in the automatic operations 
involved in the performance of familiar 
actions. While in such a state, and in 
search for a solution to a given problem, 
instances may be assumed which are not 
found in any literature or recalled from 
memory, and with intuitive faith in the 
reasonableness of the assumptions, the 
mind proceeds inductively to create an hy- 
pothesis and deduce consequences. The 
consequences may be constructive or fan- 
tastic. On the basis of such assumptions, 
substantial advances were made by earlier 
thinkers. This is illustrated by the kinetic 
molecular hypothesis. 

The foregoing suggests another ap- 
proach to hypothesis formation.. This is 
the use of analogy. We may not observe 
a direct or structural relationship of in- 
stances to form an hypothesis, but there 
appears to be similarities from which 
others may be inferred. An analogy is a 
resemblance of relations which may be 
used for reasoning and from the likeness 
in certain respects we may infer that other 
and more important relations exist. 

We refer to the flow of liquids as 
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analogous to the flow of electricity, the 
structure of the atom as analogous to the 
solar system and cybernetics reasons by 
analogy between the mechanisms of con- 
trol and of communication in the animal 
and various mathematical machines Such 
analogical reasoning may be fruitful and 
help to visualize relationships, but there 
are dangers. We must, however, distin- 
guish between circumstantial evidence and 
direct. evidence which may lead to a false 
analogy. Analogy invades and influences 
our thinking and, although helpful in re- 
search, it should be used with caution and 
not allowed to lead to hasty generalization. 

There is a last approach used occa- 
sionally and not always looked upon with 
favor, but, nevertheless, it may indirectly 
result in valuable contributions and may 
give some encouragement to the novice 
and act as an expedient to the experienced 
investigator. This is the “wild” experi- 
ment. The impression exists, and soundly, 
that the larger the accumulation of in- 
stances (knowledge) of the investigator, 
the greater the probability of his success 
in solving a given problem. But this is 
not necessarily so. Too much knowledge 
may lead to complacency and too much 
faith in the inviolability of generally ac- 
cepted hypotheses, theories, or laws, and 
may result in the rejection of any sug- 
gested experiment which is an apparent 
conflict with them. Valuable discoveries 
were made by men who did not know they 
were violating some established theory. 
Such reckless suggestions leading to 
“wild” experiments have resulted in un- 
usual discoveries. It is pleasant to have 
a deduction confirmed experimentally, but 
it is an experimental result which is at 
variance with theory, which may be pro- 
ductive of new knowledge and new fields 
to explore and which point to a path for 
the advancement of civilization. 


Conclusion 


In conelusion, it should be emphasized 
that hypotheses usually have a short life, 
theories come and go, but the facts with 
which they are concerned remain the same. 
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The properties of benzene have not 
changed since it was first discovered, but 
the suggested arrangement of the atoms 
in the molecule, the interpretations of the 
formula and the various theories advanced 
to explain its action have changed—but 
again, not the properties. 

Although an hypothesis may be rejected 
in due time, its formulation may not have 
been a complete waste of time and mental 
effort for experience and a study of dis- 
carded hypotheses have shown that when 
such hypotheses meet the usual specifica- 
tions and are properly worked upon, they 
frequently produce more useful results 
than unguided observations. In fact, a 
constructive advancement has been made 
when new experimental evidence indicates 
the untenableness of a given hypothesis 
and it is replaced by one more in accord- 
ance with the newer evidence. 

No scientific law or theory has ever 
given an explanation of why anything 
happens, that is, what makes it happen. 
They explain how things happen, but not 
why. Although much has been written on 
the theory of causation, it is sufficient to 
state, at least in this treatment, that the 
so-called cause is just a statement of the 
set of conditions which precedes or ac- 
companies an effect. 


Summary 


Because of the limited scope of this 
paper, of necessity many details and is- 
sues have not been included. The prin- 
cipal concepts, conditions and procedures 
outlined for the idea formation phase of 
an investigation may be summarized as 
follows: 


(1) An environment satisfactory for 
research—social, political, economic, and 
technological. 

(2) An individual, or organization, in- 
terested and qualified for research and 
adequately sponsored. 

(3) Sources of problems for research 
which act as “thought starters” and create 
an awareness of a subject to be investi- 
gated—an incitation. 
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(4) The selection and definition of a 
problem to be investigated. 

(5) The concentration of the mental 
faculties of an investigator on the objec- 


tive and scope of the problem until it is 


thoroughly understood and feasibility de- 
termined. 

(6)The gathering of all information re- 
lated to the problem by means of the liter- 
ature and other surveys in anticipation of 
the disclosure of instances, hypotheses, 
theories, and methods which are suspected 
to be related to and suggest a solution of 
the problem. The information should be 
recorded on 3 X 5 ecards and in a notebook. 

(7) The sorting, rearranging and clas- 
sification of the information as a basis for 
the determination of the known and un- 
known portions of the circumscribed area 
of the proposed research. See Fig. 1. 

(8) In the case of the unknown areas 
and in tthe absence of any hypothesis, 
theory, or law suggestive of an experi- 
mental approach toward the objective, the 
synthesis of a “working hypothesis” the 
deductions from which may indicate an 
attractive path of high certainty toward 
a solution of the problem. 

(9) The discriminate sorting and pur- 
poseful selection and classification of in- 
stances as a basis for reasoning. It will 
be helpful generally if these are arranged 
as in Fig. 2, thereby bringing more of the 
reasoner’s faculties into action. 

(10) The implanting of this conception 
—mental image, together with the objec- 
tive sought, in the mind of the investigator 
for his reasoning powers to work upon. 
This is an “ineubating” period. 

(11) The elimination of all distractive 
influences or environmental factors, which, 
during reflective thinking, would prevent 
concentration on the purpose at hand. 

(12) The period of “digestion” during 
which the conscious and subconscious mind 
is constantly and unrelentingly pressing 
for a simple formulation—hypothesis. 

(13) Do not strain for a solution to the 
point of mental and physical exhaustion. 
When not making progress set the prob- 
lem aside completely and allow the mind 
to wander and the investigator engage in 


AN OUTLINE OF PROCESSES OF REASONING IN RESEARCH 


a non-related, diverting, and pleasant ae. 
tivity stimulating to the imagination and 
emotions. 

(14) After a period of rest and relaxa- 
tion, the gradual emergence of an idea 
for.a semitangible synthesis—to be written 
down—as an initial working hypothesis, 
Such ideas may emerge unexpectedly at 
any time, place, or under normal or un- 
usual circumstances. 

(15) Making deductions—written down 
—as in Fig. 2, and then an interplay he- 
tween (1), (2), (3), and (4), but without 
losing sight of the purpose of the in 
vestigation. One of the inferences should 
indicate a solution to the problem. At 
times, the mind may by-pass this step and 
go directly to the solution of the problem. 

(16) The design of experimental equip- 
ment and procedures to confirm inferences 
which indicate a solution of the problem 
or confirm the solution suggested in 15. 


There can never be any guarantee that 
the faithful application of the foregoing 
procedures will lead to a successful solu- 
tion of a problem. However, when through 
constant application, they become an in- 
tegral part of the investigator’s “working 
tools,” they eliminate careless thinking 
and help to establish a basis for a possible 
solution. That is, the mind follows an 
operative technique which can be learned, 
applied, but always under control. We 
may learn the fundamentals of an art or 
procedure under competent guidance, but 
it is only through constant practice or ap- 
plication that a high degree of skill is at- 
tained. Therefore, the only path to suc 
cess in research is the constant practice of 
research. 

In a subsequent paper, a “flow-dia- 
gram” will be offered which will outline 
the various sequential steps usually fol- 
lowed from the conception of a problem 
to be investigated to its solution. 


Suggested Collateral Reading 


(1) ‘*How we think.’’ John Dewey. D. 
C. Heath & Company, N. Y., 1933. 
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1940. 
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D. S. Robinson. Appleton-Century- 
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Philosophy. Houghton-Mifflin Co., 
1923. 


(8) ‘*Philosophy, an Introduction.’’ J. H. 


AN OUTLINE OF PROCESSES OF REASONING IN RESEARCH 


419 

Randall and J. Buchler. Barnes & 
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D. Killeffer. Reinhold Pub. Co., 1948. 

(10) ‘‘The Path of Science.’’ K. Mees. 
John Wiley & Sons, 1946. 

(11) ‘*The Art of Scientific Investigation.’’ 
W. I. B. Beveridge. W. W. Norton 
& Co., N. Y. 

(12) ‘‘The Way of an Investigator.’’ W. 
B. Cannon. W. W. Norton & Co., 
N. Y., 1945. 

(13) ‘*The Scientist in Action.’?’ W. B. 
George. Emerson Books, Inc., N. Y., 
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(14) ‘‘How to Solve It.’’ G. Polya. 
Princeton University Press, Prince- 
ton, N. J., 1948. 


Industrial Engineering Summer School 


A three day summer school sponsored by the Industrial Engineering Division of 


AS.E.E. will be held at the University of Florida starting on Saturday, June 20. The 
theme for the conference will be ‘‘Quantitative Measures in Industrial Engineering 
Courses.?’ The program is designed to acquaint the teachers with the recent developments 
in applying mathematical measures to all phases of the profession. Substantial progress 
has been made in the last two years, through the use of statistical mathematics, probability 
theory, linear programming, and similar techniques, which opens many new opportunities 
for research and development in motion and time study, production control, plant layout, 
eost control, process planning, etc. Instructors, who have been instrumental in this develop- 
ment work, will teach the several sessions. The program of the conference is as follows: 


Saturday, June 20 1:30 Objective of the Program 

2:00 Motion Study 

3:30 Time Study 

7:30 Industrial Organization 
Sunday, June 21 1:30 Plant Layout 

2:30 Materials Handling 

3:30 Manufacturing Costs 

7:30 Process Planning & Tool Design 
Monday, June 22 8:30 Examination Fundamentals 

10:30 Project Method of Instruction 

1:30 Operations Research Approach 

4:00 Roundtable Discussion and Summary 


The Summer School Committee consists of: 


Earl Martinson 
Joseph Moder 
Everett Laitala, Chairman 


Howard P. Emerson 
Grant Ireson 
Robert H. Lehrer 


For further details address Professor Everett Laitala, Mechanical Engineering Depart- 
ment, Case Institute of Technology, Cleveland 6, Ohio. 


= 


The Electrical Engineering Curriculum— 
Present-Day Problems and Time Limitations 


The following are condensations of papers presented at the first conference on 
Electrical Engineering held at the Annual Meeting at Michigan State College, June 
25-29, 1951. 


Mid-Century Trends in Electrical Engineering Curriculums 


By R. G. KLOEFFLER 
Head of Department of Electrical Engineering, Kansas State College 


The analysis which is to follow covers 
the curriculums of 79 accredited colleges 
in electrical engineering. Seventy-four of 
these colleges offer a 4-year curriculum 
and the other five have adopted a 5-year 
period. The locations of the colleges 
range from Maine to California and from 
Minnesota to Texas, with stops at most of 
the points between. The schools included 
vary in size from the largest universities 
to some of the smaller state colleges. The 
analysis was based on the latest catalogues 
available and, except for a few cases, cov- 
ered the 1950-51 curriculums. The aim in 
this analysis has been to get a cross-sec- 
tional picture of American college cur- 
riculums in electrical engineering at the 
mid-century. 

The classification of subjects which is to 
be used in the data which follow will not 
meet the entire approval of any E.E. 
teacher. However, it may serve as a basis 
for comparison. In the preparation of 
this analysis, the author makes no claim 
for infallibility in the interpretation of 
subject matter covered by the description 
of courses given in college catalogues. All 
figures covering credit have been reduced 
to the semester-hour basis. 

The analysis shown in the following 
table is largely self-explanatory. The 
reader should note that the figures shown 


in parenthesis are averages for the schools 
having a 5-year curriculum. 

Reference to the totals given in the 
analysis under general education shows 
that at the mid-century the 4-year E.E. 
curriculums contain an average of 7 
eredit-hours in social science and 7.6 in 
the cultural sub-group. The average of 
the combined social and cultural sub- 
groups (general education) is 11.6 credit- 
hours. (The average of the combined 
sub-groups is not equal to the sum of the 
other averages since some schools may of- 
fer only social or only cultural subjects.) 
The combined average of 11.6 for the 91 
per cent of all colleges which require sub- 
jects in general education indicates that 
we are requiring approimately one-half 
of the 24 credit-hours recommended by 
one of the committees of our Society. If 
we add the average number of credit-hours 
required in English language, 8.2, to the 
total for general education, we arrive at 
an average of approximately 20 credit- 
hours of work which is nontechnical i 
nature. 


Conclusion 


In conclusion, two trends have been 
shown by the foregoing analysis. 

1. The introduction of options in the 
senior year of 4-year curriculums. For 
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the colleges covered by this analysis, 62 
per cent still retain a single general cur- 
riculum. However, in at least 10 of these 
institutions, some specialization is avail- 
able through the selection of electives by 
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the student. In the 38 per cent of schools 
offering options, all offer an option in 
electric power and in communication and 
electronics. In addition to these options, 
there are a few scattered examples of op- 


ANALYsIS OF 79 ELECTRICAL ENGINEERING CURRICULUMS 


(74 4-year and 5 5-year) 
colleges Per cent 
(1) (2) 
I Mathematics 
(a) College algebra 2-5 3.2 43 58 
(b) Trigonometry 14-5 2.8 42 57 
(c) Anal. geometry 2-6 3.8 66 90 
(d) Calculus 4-20 8.3 a 96 
(e) Diff. equations 2-6 3.0+ 51 69 
(f) Integrated math. 4-10 _ 20 27 
Total Mathematics 9-28 20.0(23.6)* 74 100 
II Physical Science 
(a) Chemistry 4-12 8.0(9.8)* 74 100 
(b) College physics 524-20 11.0(13)* 74 100 
III English Language 
(a) Composition 2-12 6.0(6.8)* 73 99 
(b) Speech 1-4 2.2(3.4)* 43 58 
(c) Tech. reports 1-6 2.36.3)" 28 38 
Total English 0-14 8.2(13.5)* 74 — 
IV Engg. Craftsmanship 
(a) Drawing & desc. geom. 2-10 5.5(6.8)* 74 100 
(b) Shop 24-6 2.5(3.0)* 42 57 
V Engg. Fundamentals 
(a) Applied mechanics 224-7 5.1+ (6.6)* 74 100 
(b) Fluid mechanics (or Hydraulics) 2-5 3.0 45 61 
(c) Thermodynamics 2-7 3.7 59 80 
VI Technical Subjects 
(A) Electrical 
(1) Common subjects 
(a) Basic E.E. (electric circuits & 
magnetism) 2-10 4.9(5.5)* 42 97 
(b) A-e circuit theory 224-1024 5.8(9.5)* 73 99 
(c) Elec. measurements 14-6 2.8 43 58 
(d) Basic electronics 224-9 4.4(5.4)* 68 92 
(e) D-c machinery 2-7 4.2(4.6)* 67 91 
(2) Electric power group 
(a) A-c machinery 4-18 8.3(11)* 74 100 
(b) Electronics (industrial, etc.) 234-8 4.5(8.0)* 41 
(c) Transmission & distribution 234-914 4.0(5.0)* 38 
(d) Illumination 2-4 2.3(4.0)* 11 
(e) Transients 2-4 2.6 16 
(f) Design %-8 Be 22 
(g) Electives 2-13 7.4(6.0)* 22 
(h) Option 24-27 5.5(7.6)* 34 


* Five-year curriculums shown in parenthesis. 
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ANALYsIS OF 79 ELECTRICAL ENGINEERING CuRRICULUMS—Continued 


Credit | Average colleges Per cent 
(1) (2) (3) (4) 
(3) Electronics & communication op- 
tion 
(a) A-c machinery 4-16 6.9(7.3)* 42 
(b) Electronic circuits, etc. 4.5(9.1)* 21 
(c) Network theory 2-5 3.5(4.5)* 18 
(d) Communication (radio tele- 
phone, television) 4-15 8.8(9.1)* 39 
(e) Electromag. waves (UHF) 2-5 3.4 21 
(f) Option 2-27 5.0(10.4)* 28 
Total electronic & communi- 
cation 23.4 35 
(B) Nonelectrical 
(a) Heat power engineering 1-8 3.7(5.2)* 57 77 
(b) Mechanics of materials (Strength 
of materials) 2-8 4.4(5.9)* 73 99 
(c) Metallurgy 2-3 2.4 6 8 
(d) Surveying 1-5 2.5 40 54 
(e) Engineering economics 2-914 3.7+(7.4)* 27 37 
VII Electives 
(a) General (free) 3-18 7.4 33 45 
(b) Technical 3-16 7.5 34 46 
(c) Nontechnical 3-15 6.5 24 33 
VIII General Education 
(A) Social Science Group 
(a) Economies (general) 2-8 4.0(4.5)* 47 64 
(b) Sociology 2-9 4.0 10 13 
(c) History (industrial) 4.3 7 10 
(d) Government 2-8 3.4 20 27 
(e) Psychology 2-6 4.0 5 7 
(f) Comprehensive 1-9 5.6 15 20 
Total Social Science 2-21 7.0(12)* 64 87 
(B) Cultural Group 
(a) Literature 1-6 4.2 lr 23 
(b) History 2-10 5.0 19 26 
(c) Philosophy 24-6 4.0 3 4 
(d) Civilization 1-16 YG. 12 16 
(e) Comprehensive 3-12 6.1 10 13 
(C) Electives (9.0)* 
Total Cultural Group 1-22 7.6(17)* 41 55 
Total Social Science & Cultural 
(Humanistics) 3-28 11.6(29)* 67 91 
Total credit-hours 126-160 144(174)* 73 


* Five-year curriculums shown in parenthesis. 


tions in business administration, illumina- 
tion, industrial, and physics. One school 
lists a total of four options. 

2. A secondary trend has been an in- 


crease in the humanistic-social content of 
the curriculum. This trend carries only 
half way to the goal set by our Committee 
on Engineering Education After the War. 
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Professional Education in Four Years 


By EDWARD R. SCHATZ 


Assistant Professor of Electrical Engineering and Industrial Administration, 
Carnegie Institute of Technology 


Professional education in the broadest 
sense of the term is not a four-year mat- 
ter. It is education that starts during the 
years of college (perhaps even before) 
and must continue for many years after 
graduation. It is education that must in- 
clude a program of college training and an 
internship or apprenticeship in the years 
immediately following college where very 
often teacher and student are the same 
person. It is education that must continue 
throughout a career if that career is to be 
truly successful. 

It certainly goes without saying that 
during the years of formal schooling, the 
college or university is directly in charge 
of guiding these educational activities, al- 
though it is equally clear that the respon- 
sibility for doing the learning is directly 
that of the student. 

After college the direct responsibilities 
of continued professional education fall to 
the graduate and the industry that em- 
ploys him. This placing of direct respon- 
sibility for continued learning after col- 
lege is not meant in any way to absolve 
educational institutions of their responsi- 
bilities in the post-school period. In every 
activity of the young graduate, his college 
is vitally, if only indirectly, concerned. 
One of the responsibilities of an educa- 
tional institution is to provide instruction 
and training during the formal schooling 
that will equip the student to make future 
learning effective no matter in what situa- 
tion that learning may occur, be it learn- 
ing from text book and professional maga- 
anes, or learning in the postgraduate 
course offered by his company, or, the 
most difficult to do well, learning through 
experience gained in dealing with others. 

What can a college do during its very 
important but brief period of education 
to train a man to full professional com- 


petence? What can a college do to carry 
out its own responsibilities and to make 
the student realize and carry. out his both 
during and after the college years? How 
long should the formal schooling process 
goon? 


Instruction Aims 


At Carnegie Tech we believe these ques- 
tions are answered by a four-year plan 
of instruction with the following aims: 


(1) A thorough understanding by each 
student of the nature and use of the fun- 
damental knowledge in the fields covered 
by the student’s profession, and the attain- 
ment by the student through his own ef- 
forts while in college of a set of values 
which may be used as a guide for thinking 
and action. 

(2) A philosophical outlook and 
breadth of knowledge which will enable 
him to deal effectively with the social, eco- 
nomic and political problems of his pro- 
fessional life and his life as a citizen. 

(3) The development of an orderly way 
of analytical thinking in the use of the 
fundamentals of all fields. 

(4) The ability to learn for himself 
through experience and to make effective 
use of this learning in advancing his pro- 
fessional career. 


A curriculum to carry out these aims 
ean be divided into two classifications— 
the basic courses in both the physical and 
social sciences, and the technological 
courses. 

In point of time at my school, the basic 
courses in the physical sciences occupy 
about one and one-half years of the four- 
year program; the technological courses— 
about one and one-half years; and the 
basic courses in the social sciences and the 
other courses in this area—about one year. 
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I feel sure this division of the time, the 
names of the courses and much of the sub- 
ject matter covered are essentially the 
same as in many other technical schools, 


but success in the achievement of the main . 


aims is found much more in how these 
courses are taught than in the particular 
curricular areas that have been covered. 
Each of these stems—the basic science and 
the technological—has as its reason for 
existence the carrying out of the four 
main objectives and herein lies the unity 
which I believe significantly characterizes 
professional education during the college 
years. The forces of education are not 
divided. Each curricular area is designed 
for training in fundamentals, for estab- 
lishment and use of clear methods of 
analysis, for extension of knowledge and 
skills to other fields and for learning from 
experience. 

Moreover, the functions of the various 
curricular areas can be made complemen- 
tary. For instance, a particular class dis- 
cussion in history concerning methods of 
historical analysis can help establish good 
analytical methods for a concurrent phys- 
ies or mechanics course. A more complete 
description of such possibilities may be 
found in reference one (1). 


One Direction Program 


In this singleness of purpose, this unity, 
there is teaching strength. There is, in 
addition, another outcome of this teaching 
method. It is the economy of a program 
that is all pointed in one direction. There 
is no one in the wagon dragging his feet 
—no one teacher wasting the time of an- 
other. For example, there is no physics 
instructor tolerating poorly written work, 
thereby effectively teaching poor English 
and thus tearing down the efforts of the 
English Department. The result of this 
is an economy of time spent in reaching 
the stated objectives. The fact that great 
saving of time can be made in this way 
is one of the reasons why I believe ade- 
quate undergraduate education can be 
completed in four years. 

How does one decide on what courses to 
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put into a curriculum to carry out the 
above objectives, and what to put into the 
courses? It is not an easy matter to build 
such a curriculum by putting together 
various blocks of subject matter and then 
teaching that material by the methods de- 
scribed. There is a constant struggle he- 
tween covering ground and using a mini- 
mum amount of subject material to an- 
plify one of the objectives. There is, of 
necessity, a minimum content for each 
course, but this content should come as a 
result of planning and should not antici- 
pate it. To design the curriculum and the 
courses in it, one should act as a teacher, 
not a subject-matter specialist. For ex- 
ample, the humanistic-social program at 
Carnegie occupies about one year of the 
four-year program and, as such, currict- 
lum planning becomes a hopeless task if 
done from the point of view of total sub- 
ject matter a student must master. The 
planning can only be undertaken with- 
out complete frustration if the planner 
remembers that the student has not one 
year to learn but a lifetime if he is trained 
properly. An example of course planning 
for freshman history may be found in the 
second reference (2). 


Summary 


Let me summarize the reasons I believe 
that this formal part of education should 
and can be a four-year program. In that 
time, the fundamental principles and 
knowledge necessary for continued learn- 
ing in fields of interest to the engineer 
can be established and used professionally 
in many examples. The method of teach- 
ing described makes this possible in the 
four-year period. Secondly, there are 
sound reasons for getting a man into the 
post-school education period as soon a 
possible where he must accept sole re 
sponsibility for his learning, must make 
his start on a professional career, must 
apply in a real situation—and not 4 
schoolroom experience—his knowledge and 
method of attack and, therefore, where he 
begins the most difficult task of learning 
of all—learning from experience. For the 
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average student I do not believe that this 
introduction to such learning should be 
unnecessarily postponed. 
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Curriculum Size 5 


[A somewhat condensed first portion of paper] 


By E. E. DREESE 
Chairman of Department of Electrical Engineering, The Ohio State Unwersity 


I. Introduction 


The hope for engineering education is 
that the educators are perennially dis- 
satisfied. The curriculum is a hair shirt 
fashioned and refashioned, patched and 
repatched to fit a boy who has become a 
man. 


Il. A Brief History 


Engineering curricula in this country 
had their origin in the general colleges in 
the middle of the 19th century—100 years 
ago. The philosophy of the arts college 
was early impressed upon the engineering 
teachers. At that time engineering educa- 
tion could be covered in one year. 

Early in the 20th century the engineer 
became aware of his importance to our 
civilization and had a growing and em- 
barrassing realization that he had little 
understanding, or interest even, in that 
civilization and its emerging social and 
human problems. The engineering jour- 
tals of the times are replete with surveys, 
discussion, and reports on “culture” as 
it was called. © 

Between the world wars some of this 
“cultural” content came grudgingly back 
under the new name of “social-humanistic” 
studies but it was not until the 2nd world 
war that a committee of this society rec- 
ommended that 20% of the student’s edu- 
cational time be devoted to these subjects. 

In addition, the two world wars drama- 
tized for the public and engineers alike 


that engineering science was growing ex- 
ponentially—at the scientific roots—as dis- 
tinguished from the foliage of mere gadg- 
etry. This is probably no better illus- 
trated than in electrical engineering itself. 
Prior to World War I there was only one 
fundamental within electrical engineering 
—cireuits. After that war electronics be- 
came a basic electrical fundamental. Now 
after World War II a new fundamental 
has come into electrical engineering itself 
—field theory. Wave guides, resonators, 
radars, and antennas require this new 
fundamental. The rise of the various 
types of computers and servomechanism 
are increasing curricular pressures for ex- 
tensions of the fundamentals in mathe- 
maties and circuitry. 

Historically, too, there is the emerging 
sense of professionalism in engineering 
which envisions that the engineer be edu- 
eationally equipped both in general and 
special education at a level compatible 
with professional status. Where should 
engineering fit in the scheme of profes- 
sional education? It now requires 7 years 
for a first degree in medicine; 6 years for 
law; 6 years for veterinary medicine; 
pharmacy and optometry require 5 years. 
Four years are required for nurses and 
dental hygienists. 


III. The Post-war Dilemma 


In 1944 there were searching introspec- 
tions by every institution of learning with 
committees working on curricula for a 
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changed post-war world. Engineering 
curricula were in particular trouble. 
There was compelling pressure to increase 
each of the three major portions of pro- 


gram—the social content, the fundamental - 


content and the professional content. The 
descriptive courses of yesteryear were al- 
ready gone. Improvisations and make-do 
shifts became the vogue. Mathematics 
was cut here—final examinations were 
dropped there. Paul was robbed to pay 
Peter. In general both fundamental and 
technical professional content were in- 
vaded in an attempt to reach the magic 
20% for social content. Most have de- 
spaired while still short of that goal. The 
growing question still lingered—could the 
engineering schools keep faith with pro- 
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fessional standards by turning out a prod- 
uct with even less professional engineering 
competence than they had hitherto? Was 
engineering to be some sort of low level 
profession? 


IV. The 5-year Solution 


After wrestling with these problems for 
months on end certain schools decided that 
the size 4 shirt was just too small for 
maturing engineering. It was realized 
that the 4-year concept was simply a tight 
fitting hand-me-down from our liberal arts 
forebears. Tradition, blindly accepted, be- 
comes simply habit. Such thinking is 
necessary to gain freedom of mind. 

As of today there are at least four 
schools with 5-year curricula for a bache- 
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Quarter 5 Yr. Schools (Ave. Of 4 Schools) ——— 
Hours | 16 % More 4 Yr. Schools (Ave. Of 12 Schools) ——- — 
90- 33% More 
704 
60-4 
50- Total Same 
20 % More As In Fig.! 
40- 
30- 42 % More 
26% More 
Funda-_ Electrical Non— Other Engr. Elective 
mentals Engineering Technical And (Undesignated) 
Fig. 2. Comparison of average electrical engineering curricula. 


lor’s degree in engineering. There are 
others with optional or variant programs. 


V. Curriculum Comparisons 


Before going into comparisons of exist- 
ing 5-year and 4-year curricula we should 
be reminded that 5-year curricula have 
their individual differences just as do the 
4-year curricula. Educational experimen- 
tation still goes on but those wearing the 
size 5 garment are not suffering the short- 
ness of breath of those wearing size 4. 
No 5-year school claims its curriculum is 
perfect—it simply claims it is better, and 
timely. 

In the following comparison charts an 
attempt is made first to eliminate individ- 
ual differences in 5-year and also in 4- 
year curricula by comparing composite 
curricula of the two types. This is done 
for a group of curricula in Fig. 1 and for 
electrical curricula in Figs. 2 and 3. 

A caution is necessary in interpreting 
this figure as well as the succeding ones. 
The figures represent the comparison of 
present 5-year curricula and present 4- 
year curricula as revealed by latest avail- 


able bulletins. The caution mentioned is 
against interpreting the 4-year values as 
though they were the old 4-year values of 
the present 5-year schools. 

The term “fundamentals” here includes 
mathematics, physics, mechanics, chem- 
istry and drawing. 

The most significant difference is shown 
in technical content. This 38% difference 
is due only partly to the fact that 5-year 
schools increased technical content over 
their previous 4-year content. Probably 
the largest portion of this 38% is due to 
the diminution of technical content of 4- 
year schools to make room for increasing 
non-technical content. 

The non-technical content of the 5-year 
curricula is 20+% of the total content of 
the average of the 4-year schools. This 
was the goal of the 5-year schools in agree- 
ment with the 1944 recommendation of the 
ASEE committee on “Engineering Educa- 
tion after the War.” 

In general, Fig. 1 shows that the 5-year 
engineering colleges have met the 20% 
of 4-years non-technical content and have 
maintained their objectives of giving a 
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5Yr. Schools (Ave. Of 4 Schools) ——— 


Quorter 
28% 4Yr. Schools (Ave. Of 12 Schools) —--— 
16 % More 
20- ~ 
24% More 
10-4 [25% More 
Math Physics Mechanics Chemistry Drawing 


Fic. 3. Comparison of fundamentals in average electrical engineering curricula. 


professional type technical education com- 
parable to or better than they were doing 
previously. They have not invaded the 
fundamentals. 

Fig. 2 compares the average (or com- 
posite) electrical curricula in four 5-year 
schools and in twelve 4-year schools. The 
figure shows that the comparison is 
roughly the same as for the composite en- 
gineering curricula in Fig. 1. 

Here, too, the non-technical content is 
20+% of prevailing 4-year content with 
16% more fundamental content, 33% 
more electrical engineering content and 
42% more other engineering content. 

Figure 3 may be of interest in showing 
the comparison of fundamental content in 
the composite 5- and 4-year electrical en- 
gineering curricula: The greatest differ- 
ence in fundamental content is in mathe- 


matics with 28% more in 5-year curricula. 
There are sizeable increases, too, in chem- 
istry and drawing. There is practically 
no change in the mechanics content. This 
figure on mechanics may be an unavoid- 
able error in interpreting college catalogs 
due to the varying pattern of the depart- 
mental location of mechanics courses in 
various institutions. It may be that in 
some institutions mechanics is “hidden” in 
the “other engineering” category. 


VI. Conclusion 

No school goes to 5 years lightly. It 
requires solemn soul searching. There 
comes a day and time when the task is 
too great to temporize with tradition and 


improvisations. That day is here—that 
time has come. It is the dawn of a new 
day. 
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Open-Book Examinations 


By RALPH H. UPSON 


Professor of Aeronautical Engineering, University of Minnesota 


Professor Ross’s interesting article in 
the October issue, “A Procedure for 
Teaching Fundamentals” presents, it 
would seem, some fundamentals them- 
selves, not merely a procedure for teach- 
ing them. In this otherwise excellent 
article, it is somewhat bewildering at 
first sight to find the author advocating 
closed-book examinations, which have 
often been opposed for the very reasons 
cited by the author in their favor. To 
me, and I think to most engineering 
educators, the closed-book examination is 
rapidly becoming an outworn tool; but 
quite apparently, there is still room for 
discussion of the subject. Hence this 
appeal on behalf of open-book examina- 
tions for all engineering students. 

Although it is realized that the posi- 
tive approach is in most cases better than 
the negative one, it seems that in this 
ease the merit of the natural, straight- 
forward, open-book quiz or examination 
is most convincingly shown by pointing 
out the serious shortcomings of any arbi- 
trary rule unnecessarily restricting the 
students’ source material. Professor 
Ross’s plea for teaching a student “to 
think by himself” is certainly a worthy 
objective on which there can be no dis- 
pute. I think it should be established 
at the outset, however, that encouraging 
a student to think by himself is possible 
with either type of test. Any reasonably 
competent and resourceful teacher with 
some practical engineering experience will 
be able to devise basic, thought provoking 
problems which will put the student on his 
own responsibility, regardless of whether 
the quiz is open or closed book. What 
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then is the particular reason for banning 
consultation of books and notes directly? 
I see no reason for such a restriction be- 
yond the static inertia of outworn custom, 
or to make the preparation and grading 
of examinations easier for overworked 
teachers. On the other hand, there are 
several very serious disadvantages, as 
follows: 


1. The closed-book restriction is un- 
realistic. An engineer is expected to use 
books—for what they are worth, as aids 
to his own thinking, not as substitutes 
for it. If a quiz is properly designed, a 
student learns at the first trial that he 
cannot “bull” through by virtue of a pile 
of books and notes. 

2. The same restriction makes memory 
work an unduly important function. It 
puts emphasis on the acquisition of in- 
formation rather than on its use, and to 
that extent may actually discourage 
original thinking. Convenience and use 
are the only proper criteria for what is 
worth remembering. 

3. Practice in the use of sound engi- 
neering resourcefulness is aided by every 
different source of information at the 
student’s command. To deny him such a 
reasonable privilege as consulting his own 
notes and books, when most enlightened 
teachers now grant it, seems to him arbi- 
trary, unreasonable and unfair. 

4. As the average student sees it, the 
closed-book restriction penalizes the hon- 
est student in favor of the “successful” 
cheater. Intellectual honesty is so highly 
important in the engineering profession 
that any opposite influence should be 


JouRNAL oF ENGINEERING EpucaTION, Mar., 1953 


| 


430 


eliminated if at all possible. I have been 
‘the recipient of enough student opinion 
to be sure that this object is in fact 
greatly aided by the open-book privilege. 


Instead of setting up unnecessary re- 


strictions, how much better it would be, 
and how much more conducive of the 
student’s cooperation and initiative, for 
the teacher himself to serve not as a 
proctor but as a consultant? Let him 
imagine that he is running an engineer- 
ing office; the students are his staff, to 
whom he assigns engineering problems; 
then let him act accordingly and grant 
to each the use of all reasonable facilities, 
including his own cooperation! 

In furtherance of the above mentioned 
analogy, some experiments have even been 
made in practical means of allowing con- 
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sultation between students during an ex. 
amination. The results, while interesting 
and indicative of possibilities, are not as 
yet thought conclusive enough to justify 
a definite stand on this particular issue. 

One further point seems worth noting. 
Original thinking may be very interesting 
work, but according to accepted usage 
(psychological rather than mechanical) it 
is still work! And for the teacher to do 
any less thinking, and expect the students 
to do more, does not quite make sense. 
So, with examinations: on the positive 
side, they should be thought provoking, 
instructive and revealing. This goal sets 
up no royal road to a life of ease for the 
teacher; but it is a challenge to integrate 
quizzes and examinations into the general 
educational effectiveness of a modern en- 
gineering course. 


Derivation of Formula for Right Triangles 
with Integral Sides 


By W. E. HOWLAND 
Professor of Sanitary Engineering, Purdue University 


A derivation of the formula presented 
by F. C. Bragg for obtaining “Right 
Triangles with Integral Sides,” in his re- 
cent article of that title in this journal 
may be of interest and of some value since 
one is more likely to recall a method than 
a formula. 

Let the two legs of a right triangle be 
k and m and the hypotenuse be k-m + 
nm. Then k? + m? =k? + m? + n? —2km + 
2kn-+—2mn. Therefore, 2km + 2mn = 
n? + 2kn. Now, and for the remainder of 
this discussion, assume that n and k are 
whole numbers; then the right hand side of 
this equation is a whole number and the 
left also because it is equal to it. Consider 
now another right triangle similar to the 
first, but whose sides are each proportional 


to the corresponding sides of the first 
triangle in the ratio (2k +2n) tol. The 
sides of this right triangle will then be 
2k? +2kn a whole number, 2km + 2mn 
equals n?-+ 2kn, a whole number, and 
k(2k+2n) —m(2k+2m)+n (2k+ 
2n), a succession of whole numbers, equals 
(2k? + 2kn) — +2kn) + (2kn + 
= 2k? + 2kn + n? — also a whole number. 

By assuming the sides of the original 
triangle to be k, m, and k+m-— n and 
using similar methods, one may obtain 
the following somewhat different, but I 
think equally useful, formulas for the 
sides of a right angle triangle which are 
whole numbers when k and n are whole 
numbers: (2k?—2kn), (2kn—n?) and 
(2k? —2kn + n?2). 
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GERARDI, Chair: Sa 
oF ENGINEERING DRAWING > 
J. G. McGuire ‘ R. P. HoELscHER 
JouNn M. Russ, Editor 
W. State University of Iowa E. J 3 
OWE 


Let’s Face the Music 


By J. GERARDI 


Chairman, Division Engineering Drawing 


Those who have attended the recent meet- 
ings of the Drawing Division immediately 
recognize a perplexing atmosphere which 
seems to disturb our membership. Even the 
easual visitor discovers, before too long, 
that the drawing teachers are very much 
concerned about problems such as: 


1, The misunderstanding which seems to 
exist between the engineers, educators and 
teachers as to the value of our present 
drawing courses in the engineering curricula. 

2. The thoughts which have been expressed 
by some that drawing is of more importance 
to one branch of engineering than to another. 

3. The problems concerning the amount 
of mathematics and other sciences which 
should be integrated into a course of 
graphics. 

4. The assumption that drawing course 
contents have become static and that very 
few changes have been made within the 
past twenty-five years. 

5. The impression which some of our 
friends in A.S.E.E. have that our drawing 
division feels that the world would come to 
an end if the slightest suggestion is made 
to de-emphasize lettering, use of instruments, 
geometric constructions, ete. 


These and similar problems have had their 
fair share of discussion at our meeting and 
in all probability should be discussed fur- 
ther. But before we promote this activity, 
it might be wise to reflect for a moment 
on whether or not it is worthwhile. 

At the convention last summer, Dean 
Hollister of Cornell University gave one of 
the most philosophical talks which has been 


presented before our Division. Although his 
slides were selected to emphasize the meth- 
ods used by architects to develop originality 
and creative thinking, several in the audi- 
ence were more interested in the lettering 
and line work which appeared on the slides. 
Others seem to have thought that this was 
an opportunity to get an answer to the 
problem concerning the decreased time 
allotted to the teaching of drawing. It was 
evident from the discussion which followed 
that the problems which were mentioned in 
the first part of this article are beginning 
to drown the best efforts of those who have 
a high regard for drawing courses and the 
Division’s interests at heart. 

The problems mentioned above must, of 
course, be resolved, but we cannot have 
them overshadow the more important proj- 
ects which will enhance the prestige of the 
division. 

As all of us know, the Engineers Council 
for Professional Development has asked 
A.S.E.E. to undertake an evaluation of engi- 
neering education. A committee with Dr. 
I. E. Grinter as chairman has been ap- 
pointed to make the evaluation. The pri- 
mary objective of this committee will be to 
determine why the basic pattern of engi- 
neering education has remained fixed and 
to determine whether new patterns of cur- 
ricula are required to meet the rapid de- 
velopments in science. One may hazard a 
guess that Dr. Grinter’s report will not only 
have a profound influence on engineering 
curricula, but will also have a pronounced 
effect on the contents of technical courses. 
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Drawing Courses May Change Their 
Complexions 


Drawing courses will be no exception. 
They too must be geared to the more recent 


advances in science and technology. Because . 


of the short supply of engineers, the number 
of graduates who will begin their careers 
at the drafting board will decrease. Not 
only will they be expected to apply their 
knowledge of mathematics and science to 
engineering developments, but they may be 
expected to supervise the work of drafts- 
men. Hence, it may be predicted that draw- 
ing courses may of necessity change their 
complexions. No longer will the description 
of drawing courses in University bulletins 
list lettering, use of instruments, geometric 
constructions, etc., but may emphasize items 
such as—the study of shapes and form em- 
ploying various materials to develop creative 
thinking, graphical solutions of engineering 
problems, supervision of draftsmen, etc. 
This change will not occur overnight, but 
we can expect something of this nature to 
develop in the near future. 

Hence, let us ‘‘face the music,’’ accept 
the challenge and direct our energies toward 
more efficient use of the time we have: let 
us revitalize our course content to such an 
extent that those whose courses have been 
curtailed may be given an opportunity to 
regain the necessary time to teach their 
courses properly. 

The Drawing Division has served the 
A.S.E.E. for twenty-five years. Its activities 
and the resourcefulness of its members is 
well known. The many projects and studies 
which have been sponsored by the Division 
have been worthy of publication and have 
had a great influence in unifying course 
work with the demands of industry. No 
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other Division of A.S.E.E. has a publication 
similar to the Journal of Engineering Draw. 
ing; moreover, our magazine enjoys world. 
wide circulation and has not shown a finan. 
cial loss for the past fifteen years. These 
and other accomplishments of our Division 
are due to the initiative, loyalty and hard 
work of the men who founded and have led 
the Division. 

In order to uphold the traditions of the 
past, and to encourage discussion, exchange 
of ideas, and active participation of our 
members, your officers this coming year, 
knowing that they can count on the excel- 
lent cooperation which has been given in 
the past, will initiate a program which will 
suggest a pattern of thinking along the 
following lines: 


1. A eritical review of the contents of 
present drawing courses and recommenda- 
tions for the future. 

2. A thorough study of the new require- 
ments which the engineering profession will 
impose on graduates because of the short 
supply of engineers. 

3. Divisional participation with Dr. Grin- 
ter’s committee on evaluation of engineering 
education. 

4. Methods of improving teaching and 
raising the level of instruction in graphics. 
Professor F, A. Heacock and his committee 
on advanced graphics has completed and 
published a report on ‘‘Graphical Methods 
for Solving Engineering Problems.’’ This 
report will receive special attention. 


The above suggestions are by no means 
fixed or final, and your chairman as well as 
your executive committee will welcome any 
suggestions which will improve the activities 
of the Division. 
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TEACHING POSITIONS AVAILABLE 


The following rules were adopted by the General Council of the ASEE: 


1. The privilege of advertising for teaching positions is extended only to colleges 
and technical institutes which are either Active or Affiliate Institutional Members of 


the ASEE. 


2. Advertisements must be for positions available only. 


accepted for an individual seeking a job. 


No advertisements will be 


3. Advertisements should not specify salaries. 
4, Advertisements must be submitted not later than the first day of the month pre- 


ceding the month of issue. 


5. Because of limited staff, the ASEE headquarters cannot maintain personnel files 


or supply detailed information about jobs. 


In replying to blind ads, address letters to 


American Society for Engineering Education, Northwestern University, Evanston, Illi- 


nois and give blind ad number. 


6. Information and rates for advertising in the Journal can be received by writing 


ASEE Headquarters. 


INSTRUCTOR OR ASSISTANT PRO- 
fessor of Mechanical Engine¢ring. Lo- 
cation upstate New York. Opening in 
either heat power or design. MR-1. 


ASSISTANT OR ASSOCIATE PROFES- 
sor of Electrical Engineering in upstate 
New York Technical College. Applicant 
should have ten to fifteen years experience 
in the fields of power and control, should 
have advanced degrees and research abil- 
ity and interest. Can become key man 
upon retirement of present personnel in a 
few years. MR-2. 


INSTRUCTOR OR ASSISTANT PRO- 
fessor of Electrical Engineering in up- 
state New York Technical College. Ap- 
plicant should have some teaching and 
research experience in the Communications 
field. MR-3. 


INSTRUCTOR OR ASST. PROF. OF 
Manufacturing Processes to teach Metal- 
lurgy and casting processes. Opportunity 
for graduate study. Apply to Prof. Otis 
Benedict, Pratt Institute, Brooklyn 5, N. Y. 


INSTRUCTOR OR ASSISTANT PRO- 
fessor in electrical engineering, primarily 
to teach circuits and machines. Send ap- 
plication to: Chairman, Department of 
Electrical Engineering, University of 
Denver, Denver 10, Colorado. 


MASTER’S DEGREE IN ELECTRICAL 
engineering, and several years experience 
in communications and electronics as a 
teacher and in industry. Should be quali- 
fied to teach high frequency subjects. Ap- 
pointment on twelve months basis requiring 
ten months attendance. MR-4. 


INSTRUCTORS IN ENGINEERING 
drawing for September, 1953. Engineer- 
ing graduates with some experience pre- 
ferred. Nine months service. Summers 
free for industrial employment. Positions 
permanent with opportunity for advance- 
ment. Replies confidential. Write R. P. 
Hoelscher, 209 Transportation Bldg., Uni- 
versity of Illinois, Urbana, Illinois. 


CIVIL ENGINEERING ASST. OR AS- 
soc. Prof., structures and related subjects. 
Design experience and M.S. degree desired. 
A. & M. State College, Rocky Mtn. re- 
gion, enrollment about 2000, opening June 
or Sept. MR-5. 


POSITIONS OPEN TO TEACH DRAW- 
ing and mechanics, Dept. of Engineering 
Mechanics, University of Nebraska. Rank 
and salary based on applicants’ qualifica- 
tions. Write inquiries to E. J. Marmo, 
Chairman of Dept., Lincoln, Nebraska. 
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ASSOCIATE PROFESSOR ELECTRI- 
cal Engineering: Duties; to instruct under- 
graduate students and develop post-gradu- 
ate work. Time and facilities for research. 
Qualifications:—University graduate, pref- 
erably some post-graduate training. Sev- 
eral years practical experience which may 
include industrial graduate engineer train- 
ing course—apply Nova Scotia Technical 
College, P. O. Box 1000, Halifax, Canada. 


CONSTRUCTION ENGINEERING 
Teacher. Take charge of new mat’ls test- 
ing lab. & teach lect. & lab. courses in 
constr. practice. M.S. degree plus constr. 
exp. San Jose State College, San Jose, 
Calif. 


MECHANICAL ENGINEERING 
Teacher. Take charge of new heat power 
lab. and teach lecture and lab. courses in 
M.E. M.S. degree plus industrial experi- 
ence. San Jose State College, San Jose, 
Calif. 


ENGINEERING DRAWING TEACHER. 
Take charge of drawing program including 
descriptive geometry and machine design. 
M.S. degree plus industrial experience. 
San Jose State College, San Jose, Calif. 


POSITIONS STARTING SEPT. 1, 1953: 
Asst. Professor in C.E. (Soil Mechanics 
or Sanitary) and Asst. Professor in M.E. 
(Design and Production). Location— 
Calif. Master’s degree, some experience 
required. MR-6. 


CIVIL AND ELECTRICAL ENGINEER- 
ing teachers with doctor’s degrees for re- 
search and teaching duties in southern 
university. MR-7. 


POSITION OPEN FOR INSTRUCTOR 
in Engineering Drawing. Please address 
inquiries to Professor A. B. Wood, Head, 
Engineering Drawing Department, Univer- 
sity of Tennessee, Knoxville, Tennessee. 


POSITION OPEN FOR ASSISTANT 
Professor or Instructor in Industrial Engi- 
neering. Address inquiries to Professor H. 
P. Elmerson, Head, Industrial Engineering 
Department, University of Tennessee, Knox- 
ville, Tennessee. 


INSTRUCTORS IN CIVIL ENGINEER- 
ing—Excellent opportunity for part time 
research in highway engineering. Oppor- 
tunity to pursue graduate work. S. R. 
Wright, Head, Civil Engineering Depart- 
ment, A. & M. College, College Station, 
Texas. 


OPENINGS FOR INSTRUCTORS OR 
Assistant Professors. ChE to teach ChE 
subjects and Metallurgy; CE to teach sur- 
veying and allied work; and ME to teach 
Drawing and Descriptive Geometry. MR-8. 


UNION COLLEGE, SCHENECTADY, 
New York, is seeking men with teaching 
and/or industrial experience for associate 
and full -professorship in undergraduate 
Electrical Engineering and in Mechanical 
Engineering. Salary scale fair. Can be 
supplemented by evening graduate teaching 
and by good consulting fee from local in- 
dustries. Apply to President Carter Davi- 
son. 


ENGINEERING DRAFTING INSTRUC- 
tor. We have an excellent opportunity for 
an instructor in a course which prepares 
students for direct placement in industry 
without further apprenticeship or on the 
job training. Applicants interested in this 
work should have had a minimum of several 
years teaching experience in mechanical 
drawing and a practical knowledge of in- 
dustrial processes and procedures. In- 
dividual selected for this position will 
enjoy hospitalization, insurance, vacation, 
retirement and pension benefits. If you 
are interested please wire Mr. W. C. Porter, 
Chrysler Engineering Institute, Post Office 
Box 1118, Detroit 31, Michigan. 
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Section 


Allegheny 


Illinois-Indiana 


*Kansas-Nebraska 


Michigan 


Middle Atlantic 


Missouri 


Location of Meeting 


West Virginia 
University 


Rose Polytechnic 
Institute 


Kansas State College 


Detroit Institute of 
Technology 


Section Meetings 


Dates 
April 17-18, 
1953 


May, 16, 1953 


May 9, 1953 


University of Delaware May 2, 1953 


Washington University April 11, 1953 


National Capital Area Howard University 


New England 


North Midwest 


Ohio 


Pacifie Northwest 


Pacific Southwest 


Rocky Mountain 


*Southeastern 


Southwestern 


Upper New York 


May 9, 1953 


' University of Vermont Oct. 10, 1953 


Chairman of Section 


C. H. Cather, 

West Virginia Univer- 
sity 

H. A. Moench, 

Rose Polytechnic 
Institute 

M. H. Barnard, 

University of Nebraska 

C. C. Winn, 

Detroit Institute of 
Technology 

C. Bonilla, 

Columbia University 

G. F. Branigan, 

University of 
Arkansas 

L. K. Downing, 

Howard University 

E. T. Donovan, 

University of New 
Hampshire 


Marquette University Oct. 9-10, 1953 A. B. Drought, 


University of 
Cincinnati 


Washington State 
College 


May 2, 1953 


April 24-25, 


1953 


San Jose State College Dec. 29-30, 


University of 
Colorado 


North Carolina State 
College 


University of 
New Mexico 


1953 


April 11, 1953 


April 3 & 4, 


1953 


Rochester Institute of October, 1953 


Technology 


Marquette University 

H. K. Justice, 

University of 
Cincinnati 

J. P. Spielman, 

Washington State 
College 

C. M. Duke, 

University of Califor- 
nia at Los Angeles 

C. A. Hutchinson, 

University of 
Colorado 

D. V. Terrell, 

University of 
Kentucky 

M. L. Ray, 

University of Houston 

F. E. Almstead, 

State University of 
New York 


Members of the Society are welcome at all Section Meetings 
“ No Date Set. 
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New Members 


AusEeTH, Hiupa J., Engineering Librarian 
and Assistant Professor of Library Sci- 
ence, University of Illinois, Urbana, IIl. 
H. H. Jordan, W. C. Huntington. 

Amos, CarRoLt E., Associate Professor of 
Mathematics, University of Toledo, To- 
ledo, Ohio. J. B. Brandeberry, W. Sher- 
man Smith. 

Auck, Date K., Director, Fire Protection 
Division, Federation of Mutual Fire Insur- 
ance Companies, 20 North Wacker Drive, 
Chicago 6, Illinois. A. B. Bronwell, W. R. 
Woolrich. 

BACKER, GERALD H., Associate Professor of 
Aeronautical Engineering, University of 
Alabama, University, Ala. C. H. Bryan, 
W. K. Rey. 

Bapger, Irvin P., Assistant Professor of 
Civil Engineering, Ohio University, Ath- 
ens, Ohio. E. H. Gaylord, E. J. Taylor. 

Bau, Bryan W., Instructor in Mechanical 
Engineering, University of Houston, Hous- 
ton, Tex. W. B. Lowe, M. L. Ray. 

Bavrr, Davin E., Assistant Professor of In- 
dustrial Engineering, Pennsylvania State 
College, State College, Pa. E. S. Roscoe, 
C. E. Bullinger. 

BIBERSTEIN, FRANK A., Professor of Civil 
Engineering, Catholic University of Amer- 
ica, Washington, D.C. J. W. C. Michalo- 
wicz, H. P. Gallogly. 

BossEnGA, JOHN R., Instructor in Engineer- 
ing Drawing, Northwestern Technological 
Institute, Evanston, Illinois. M. B. La- 
gaard, R. Kliphardt. 

Bristot, M., Director, Placement 
Bureau, State College of Washington, 
Pullman, Wash. H. Stern, A. B. Caseman. 

Brown, GeorGEe M., Associate Professor of 
Chemical Engineering, Northwestern Uni- 
versity, Evanston, Ill. R. Zinn, A. B. 
Bronwell. 

CAPECELATRO, ACHILLE, Executive Associate, 
Physics, Newark College of Engineering, 
Newark, N. J. I. P. Orens, P. O. Hoff- 
man. 

CAPELLE, JEAN, Recteur de 1’Universite 
de Nancy, Nancy (Meurthe-et-Moselle), 
France. T. A. Quigley, A. Haertlein. 

CARROLL, FRANK T., JR., Assistant Professor 
of Mechanical Engineering, Louisiana 
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State University, Baton Rouge, La. G. F, 
Mathes, L. J. Lassalle. 

Carter, RicHarD J., Instructor in Electri- 
cal Engineering, Northeastern University, 
Boston, Mass. L. F. Cleveland, W. T. 
Alexander. 

CHurRcH, Professor of Mathe- 
matics and Mechanics, USN Postgraduate 
School, Monterey, Calif. C. V. O. Ter- 
williger, A. E. Vivell. 

CoLEMAN, JOHN D., Supt., Methods and Ma- 
terial Utilization, Frigidaire Division, GM 
Corp., Dayton, Ohio. A. B. Bronwell, W. 
R. Woolrich. 

Conroy, WILLIAM B., Associate Professor of 
Mathematics, Clarkson College of Tech- 
nology, Potsdam, N. Y. J. W. Perry, R. 
D. Larsson. 

Crary, SELDEN B., Manager, Analytical En- 
gineering Dept., General Electric Co., 
Schenectady, N. Y. H. W. Bibber, D. 8. 
Roberts. 

DeLong, Henry H., Head, Agricultural En- 
gineering Dept., South Dakota State Col- 
lege, Brookings, S. D. H. M. Crothers, 
W. Gamble. : 

D1aMOND, GEORGE B., Assistant Research 
Professor, Pratt Institute, Brooklyn, 
N. Y. H. BR. Beatty, K. E. Quier. 

FisHER, STANLEY E., Professor and Head, 
Cooperative Dept. and Placement, Speed 
Scientific School, University of Louisville, 
Louisville, Ky. H. H. Fenwick, R. I. 
Fields. 

FRECHETTE, VAN DeERCK, Professor of Ce- 
ramic Technology, N. Y. State College of 
Ceramics, Alfred University, Alfred, N. Y. 
R. M. Campbell, C. W. Merritt. 

Gaty, Lewis R., Manager, Engineering, 
Philadelphia Electric Company, Philadel- 
phia, Pa. C. C. Chambers, S. C. Hollister. 

GEILS, JOHN W., Technical Employment 
Representative, Bell Telephone Labs., 
Morris Plains, N. J. H. P. Smith, R. A. 
Deller. 

GLENN, GrorGE R., Instructor in Engineer- 
ing Drawing, University of Louisville, 
Louisville, Ky. H. H. Fenwick, R. IL 
Fields. 

Rosert, Lecturer in Industrial En- 
gineering, University of Florida, Gaines- 
ville, Fla. J. Weil, E. P. Martinson. 
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GrimM, Cart A., Instructor in Mathematics, 
South Dakota School of Mines, Rapid 
City, 8. D. E. L. Swanson, E. E. Clark. 

Gross, WinuIAM A., Assistant Professor of 
T. & A. M., Iowa State College, Ames, 
Iowa. A. R. Livingston, H. J. Gilkey. 

Harrison, Epwin D., Assistant Dean of En- 
gineering and Architecture and Associate 
Professor of Mechanical Engineering, Vir- 
ginia Polytechnic Institute, Blacksburg, 
Va. J. W. Whittemore, J. B. Jones. 

HENDRICKSON, ELLWwoop R., Associate Pro- 
fessor of Civil Engineering, University of 
Florida, Gainesville, Fla. J. E. Kiker, 
T. L. Crawford. 

HotzMaNn, ALBERT G., Assistant Professor 
of Industrial Engineering, University of 
Pittsburgh, Pittsburgh, Pa. R. C. Gor- 
ham, W. I. Short. 

IncraM, SypNrEy B., Director of Education 
and Training, Bell Telephone Labs., New 
York, N. Y. F. D. Leamer, R. A. Deller. 

JENKS, RicHaRD E., Employment Assistant, 
Socony-Vacuum Oil Co., Inc., New York, 
N. Y. P. W. Boynton, K. B. Korsmeyer. 

Joupr1, Arvip F., Staff Member, Educa- 
tional Relations Activity, Public Relations 
Dept., General Motors Corporation, De- 
troit, Mich, K. A. Meade, R. L. MeWil- 
liams. 

Kate, Ere. L., Librarian, College of Engi- 
neering, Duke University, Durham, N. C. 
C. R. Vail, E. K. Kraybill. 

KitTinGerR, WILLIAM T., Assistant Professor 
of General Engineering, University of 
Houston, Houston, Tex. W. J. Leach, 
C. V. Kirkpatrick. 

KLorrer, CARL, Professor of Mechanical En- 
gineering, Stanford University, Stanford, 
Calif. B. M. Green, L. S. Jacobsen. 

Koga, Issac, Professor of Electrical Com- 
munications, Tokyo University, Bunkyo-ku, 
Tokyo, Japan. A. B. Bronwell, H. L. 
Hazen. 

Kusr, R., Assistant Professor of 
Chemical Engineering, University of North 
Dakota, Grand Forks, N. D. D. E. Sever- 
son, A. M. Cooley. 

Lewis, CHARLES H., Instructor in Mathe- 
matics, Orange Coast College, Costa Mesa, 
Calif. J. B. Franzini, B. M. Green. 

Line, Danret Associate Professor of 
Civil Engineering, Wayne University, De- 
troit, Mich. D. Newton, R. H. Zumstein. 

Howarp T., Instructor in 
Electrical Engineering, Lehigh University, 
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Bethlehem, Pa. J. J. Karakash, L. V. 
Bewley. 

McFaruin, Rosert J., Instructor in Engi- 
neering Drawing, University of North Da- 
kota, Grand Forks, N. D. E. V. Wenner, 
E. L. Lium. 

McGINLEY, JAMES G., Instructor in Applied 
Mechanics, Virginia Polytechnic Institute, 
Blacksburg, Va. D. H. Pletta, J. W. 
Whittemore. 

MEHRHOFF, JOSEPH C., Instructor in Civil 
Engineering, Louisiana State University, 
Baton Rouge, La. T. M. Lowe, F. F. 
Pillet. 

MILLER, Ropert F., Acting Head, Physical 
Sciences, Milwaukee School of Engineer- 
ing, Milwaukee, Wis. F. J. Van Zeeland, 
F. Kaufmann. 

MInForD, WALDO E., Instructor in Electrical 
Engineering, University of Nebraska, Lin- 
coln, Neb. F. W. Norris, O. E. Edison. 

Moyer, DonaLp H., Director, Student Per- 
sonnel, Cornell University, Ithaca, N. Y. 
W. T. Conwell, J. P. McManus. 

Norris, Frank F., Instructor in Architec- 
tural Engineering, University of New 
Mexico, Albuquerque, N. M. W. R. Gaf- 
ford, J. J. Heimerich. 

Norris, WILLIAM E., Assistant Professor of 
Electrical Engineering and Mathematics, 
USN Postgraduate School, Monterey, 
Calif. F. E. LaCauza, R. K. Houston. 

OWEN, CHARLES V., Instructor in Civil En- 
gineering, University of Arkansas, Fa- 
yetteville, Ark. L. R. Heiple, J. R. Bis- 
sett. 

PaRDEN, Rosert J., Graduate Assistant, In- 
dustrial Engineering, State University of 
Iowa, Iowa City, Iowa. E. C. Lundquist, 
A. P. Boehme. 

Payne, WILLIAM H., Jr., Head of the De- 
partment of Manual Arts, Div. 2, Public 
Schools of the District of Columbia, Wash- 
ington, D. C. L. K. Downing, E. R. 
Welch. 

PETRACH, Rosert V., Instructor in Indus- 
trial Com., Milwaukee School of Engineer- 
ing, Milwaukee, Wis. F. J. Van Zeeland, 
F. Kaufmann. 

PRESSBURG, BERNARD S., Associate Professor 
of Chemical Engineering, Louisiana State 
University, Baton Rouge, La. J. Coates, 
L. J. Lassalle. 

RICHARDS, GEORGE R., Milwaukee School of 
Engineering, Milwaukee, Wis. K. O. Wer- 
wath, F, Kaufmann. 
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Rorurus, Rosert R., Associate Professor of 
Chemical Engineering, Carnegie Institute 
of Technology, Pittsburgh, Pa. C. C. 
Monrad, L. M. Canjar. 

Ryerson, Frank E., JR., Instructor in En- 
gineering English, University of Louis- 
ville, Louisville, Ky. R. C. Ernst, G. C. 
Williams. 

ScHOEFFLER, ALFRED W., Assistant Profes- 
sor of Civil Engineering, Southwestern 
Louisiana Institute, Lafayette, La. F. 
Harding, H. M. Morris, Jr. 

SHEERAR, LEONARD, Professor of Chemical 
Engineering, Oklahoma A. & M. College, 
Stillwater, Okla. A. B. Bronwell, W. R. 
Woolrich. 

SPINDLER, G. Director-Professor, 
School of Mines, West Virginia Univer- 
sity, Morgantown, W. Va. R. C. Smith, 
C. H. Cather. 

SrarrorD, Paut M., Professor of General 
Engineering, South Dakota School of 
Mines, Rapid City, 8S. D. W. E. Wilson, 
E. E. Clark. 

STEFFENS, JEROME, Structures Engineer, 
Aircraft Division, Kaiser Metal Products, 
Inc., Newtown, Pa. D. J. Perry, L. K. 
Downing. 

STEVENS, Epwarp H., Associate Professor 
of Geological Engineering, South Dakota 
School of Mines, Rapid City, 8S. D. E. D. 
Dake, W. E. Wilson. 

Stewart, ALBERT A., Assistant Professor of 
Engineering, Bradford Durfee Technical 
Institute, Fall River, Mass. E. R. Wil- 
liams, K. B. Coombs. 

TINDAL, CHARLES H., Professor of Engineer- 
ing Research, Pennsylvania State College, 
State College, Pa. E. A. Walker, E. B. 
Stavely. 

TRAMMELL, GROVER J., JR., Instructor in En- 
gineering Mechanics, Louisiana State Col- 


NEW MEMBERS 


lege, Baton Rouge, La. W. P. Wallace, 
L. J. Lassalle. 

Trusk, BrorHer I. AMBROSE, Associate Pro- 
fessor of Chemistry, St. Mary’s College, 
Winona, Minnesota. Brother B. Austin 
Barry, J. Echler. 

UNTRAUER, RAYMOND E., Assistant Profes- 
sor of Civil Engineering, University of 
Arkansas, Fayetteville, Ark. L. R. Hei- 
ple, J. R. Bissett. 

Wack, JoHN M., Assistant Professor of Me- 
chanical Engineering, Howard University, 
Washington, D. C. D. E. Howard, T. C. 
Lu. 

WAYLAND, J. Haroupd, Associate Professor 
of Applied Mechanics, California Insti- 
tute of Technology, Pasadena, Calif. D. 
E. Hudson, F. C. Lindvall. 

WESCHLER, MavricE E., Professor of Me- 
chanical Engineering, Catholic University 
of America, Washington, D. C. J. C. 
Michalowiez, H. P. Gallogly. 

WuHiItTcoMB, RICHARD N., Mgr., Tech. College 
Recruiting, Goodyear Tire and Rubber 
Co., Cuyahoga Falls, Ohio. D. Thomas, 
T. W. Prior. 

WILLIAMS, MELVIN C., Assistant to the Dean 
of Engineering and Instructor in Civil 
Engineering, Louisiana State University, 
Baton Rouge, La. L. J. Lassalle, F. F. 
Pillet. 

Witson, J. S., Personnel Manager, Corn 
Products Refining Company, Argo, IIl. 
A. B. Bronwell, W. R. Woolrich. 

Wirtz, Leo A., Instructor in Electrical En- 
gineering, Kansas State College, Manhat- 
tan, Kans. R. M. Kerchner, E. L. Sitz. 

Wotre, J. EpMonpD, Associate Professor of 
Electrical Engineering, Kansas State Col- 
lege, Manhattan, Kans. R. M. Kirchner, 
R. 8. Kloeffler. 


403 new members elected this year 
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Accessibility of circuits makes Thy-mo-trol unit ideal for experiments 


G-E Thy-mo-trol drive effective in teaching 
fundamentals of motor control 


Fundamentals of half-wave electronic 
motor control become thoroughly familiar 
to engineering students with General Elec- 
tric’s educational half-wave Thy-mo-trol*. 

The unit is furnished in kit form to be 
constructed by the school. Motor and con- 
trol station are completely assembled ready 
to plug into panel. Accessibility of circuits 
with ample plug-in test jacks make unit 
easily adaptable for demonstration lectures 
and laboratory experiments. To assist in 
clarifying fundamentals, circuits are dia- 
gramed on front of panel. 


Students may demonstrate: 

e Flat speed regulation 

® Dynamic braking action 

© Reversing controls 

® Natural IR drop compensation 

® Regulator and control circuits 

© Magnetization of transformers 

For further information on G-E half-wave 
Thy-mo-trol educational kits contact your 
nearest G-E Apparatus Sales Office, or write 
for Bulletin GEC-674 to General Electric 
Co., Section 687-120, Schenectady, N. Y. 
*Reg. Trade-mark of General Electric Co. 


GENERAL ELECTRIC 
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Honeywell Develops Specialists 
in Automatic Control | 


Honeywell’s 65-year leadership of the automatic control 
industry has been the result of new ideas in basic and ap- 
plied research. 

To assure a continual flow of new ideas, complete edu- 
cational programs have been developed at Honeywell. They 
include Fellowships at leading universities, Co-operative 
Work-Study plans, as well as a number of programs in 


ae ol special subjects conducted in Honeywell laboratories. Em- 
YAN VA ployees also participate in Graduate Study for advanced 

\ 7 | degrees at leading universities and research centers. 
The Honeywell educational program also includes train- 


<a] ing in sales, supervision, production, flight control and other 
specialized areas. Many more educational programs are in 


the planning and project stage. 


America lives better, works better with Honeywell controls. 


For more information on the Honey- 
well educational program, write Mr. 
Howard Mold, Director of Training, 


Honeywell 
Fiut 
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for Graduate Engineers 


Two-year Graduate Training Course at 
Allis-Chalmers offers unequaled breadth 
of industrial experience. 


HE in one organization, graduate engineers can work with the basic 
machinery of nearly every major industry: electric power, mining, 
cement, chemical processing, agriculture, construction, public works. They 
can take part in research, product and process engineering design, manu- 
facturing, application, sales, service. 

There's opportunity to try, first hand, many types of work in many in- 
dustrial fields, and make a wise choice for future satisfaction and success. 
Trainees help choose their training locations, can change their course as 
they go along. Management representatives assist with guidance and advice. 

The Allis-Chalmers GTC has operated since 1902. Many company execu- 
tives are among its graduates, and take a keen interest in the program. 


This 9Y2 x 15 A-C ball 
mill is installed in a large 
southwestern cement 
mill. A 700 hp Allis- 
Chalmers synchronous 
motor drives it, 


Allis-Chalmers 25,000 kva transformer under- 
going surge tests at the West Allis Works. Test 
floor is one of many GTC. training stations, 


Get complete information on the course 
from the nearest Allis-Chalmers District 
Office, or by writing to Allis-Chalmers 
Mfg. Co., Milwaukee 1, Wisconsin. 

A-3929 
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PHOTOELASTICITY—A CASE HISTORY 


IN BENT BEAM DESIGN @ MAXIMUM STRESS IN THE UPPER BEAM 
WAS REDUCED 25% BY REMOVING 300 POUNDS OF METAL « 


METHOD OFFERS SUCH 


ONLY THE PHOTOELASTIC 
SO ECONOMICALLY 


RESULTS SO QUICKLY 


MODEL MAKING KITS COMPLETE WITH PLASTIC, CUTTERS, SAMPLE TEMPLATES 
POLARISCOPES—5”, 6”, 8”, 10”, 12’ FIELDS WITH BUILT-IN STRAINING FRAMES 


PHOTOELASTIC SUPPLIES CARRIED IN STOCK 


AUXILIARY EQUIPMENT—STRAINING FRAMES FOR EXISTING UNITS 
LOAD MEASURING CELLS—CAMERAS—PROJECTION ACCESSORIES 
PARALLEL LIGHT SYSTEMS — COKER COMPENSATORS — OPTICS 


SEND FOR CATALOG 


CHAPMAN LABORATORIES—P.0. 207, WEST CHESTER, PA. 
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your career in 


Creative 
Engineering 


Whatever his assignment, the International Harvester en- 
gineer has some of the finest research and engineering 
facilities available in American industry at his disposal. 


omnes production of better prod- 
ucts at International Harvester de- 
pends in the future, as in the past, 
upon two research and engineering 
fundamentals: (1) maximum expo- 
sure to the problems of the product, 
and (2) maximum incentive to induce 
creative thinking. Behind the success 
of such a program stands your knowl- 
edge and enthusiasm! 

We need mechanical, industrial, 
metallurgical, chemical, agricultural 
and electrical engineers. We need en- 
gineers for training programs, for 
product designing, for testing pro- 
grams, for research and experimenta- 
tion in nearly all IH divisions. 

The engineer who comes to Har- 
vester invests his education in a sound, 
well-managed, progressive and grow- 


ing company. He becomes a key figure 
in helping to supply the machines that 
underwrite the production facilities of 
the nation’s most vital industries. 

If you are interested in a career in 
the engineering fields mentioned 
above, with a good, progressive com- 
pany, then we suggest you write to 
F. D. MacDonald, Education and Per- 
sonnel Department, International 
Harvester Company, 180 N. Michigan 
Avenue, Chicago 1, Illinois. 


INTERNATIONAL 
HARVESTER 


Builders of farm equipment for easier, more profit- 
able farming ... trucks for better transport . . . in- 
dustrial power for road-building and earth-moving 
. . . refrigeration for better preservation of food 


To keep voices traveling strongly through 
telephone cables, you have to keep water 
out. This calls for speed in locating and 
repairing cable sheath leaks —a hard job 
where cable networks fork and branch to 
serve every neighborhood and street. 


At Bell Telephone Laboratories, a team 
of mechanical and electrical engineers de- 
vised a way to fill a complex cable system 
with dry air under continuous pressure. 
Pressure readings at selected points detect 
cracks or holes, however small. Repair- 
man can reach the spot before service is 
impaired. 

It’s another example of how Bell Lab- 
oratories works out ways to keep your tele- 
phone service reliable — and to keep down 
the cost to you. 
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Air compressor and tank are at right. Long 
cylinders on rack dry air before it enters 
cables. 


He’s checking the air pressure in a branch cable, 
one of scores serving a town. The readings along 
the cable are plotted as a graph to find low- 
pressure points which indicate a break in the 
protecting sheath. 


Master meters keep watch over the vari- 
ous cable networks which leavea telephone 
office in all directions to serve a com- 
munity. Air enters the system at 7 pounds 
pressure, but may drop to 2 pounds in 
outermost sections—still enough to keep 
dampness out. 


BELL TELEPHONE LABORATORIES 


Improving telephone service for America provides 
careers for creative men in mechanical engineering 
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CROW ROTATING ELECTRIC 
MACHINE 


WITHOUT A PEER!!! 


For Teaching the 
CONSTRUCTION — OPERATION — APPLICATION 


ELECTRIC MOTORS — GENERATORS — ALTERNATORS 


D.C. and A.C. (one, two and three phase) 


The Famous Crow 
ROTATING ELECTRIC MACHINE 
“Is Without a Peer” 
says the Head of a famous Dept. of Electricity 
@ MORE THAN 130 different operating machines can be constructed 
from one kit. @ Supplied with complete text-manual. @® Designed 
specifically for instruction purposes. @ No Special Wiring Necessary. 


WRITE TODAY FOR FREE ILLUSTRATED BULLETIN 


UNIVERSAL SCIENTIFIC COMPANY, INC. 


Box 336H VINCENNES, INDIANA 
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Boeing offers graduates 


ENGINEERING 
CAREERS with a future 


When you counsel students, you want 
to guide them toward careers that 
offer opportunities for advancement, 
for varied experience and stability. 
Boeing fulfills all these requirements. 
For no industry approaches this one 
in offering young engineers such a 
wide range of experience, or such 
breadth of application—from pure re- 
search to production design, all going 
on simultaneously. 


STABILITY 

Boeing is in its 36th year. Its Engi- 
neering Division, which has grown 
practically continuously, now numbers 
over 6000, in contrast to a peak of 
3500 at the height of World War II. 
Aircraft development is such an in- 
tegral part of our national life that 
young engineers can enter it with full 
expectation of a rewarding, long-term 
career. While the Boeing Engineering 
Division is large, it is so organized 
that each engineer is an individual 
who stands out in proportion to his 
ability. 


BREADTH OF EXPERIENCE 

Boeing is constantly alert to new tech- 
niques and materials—and approaches 
them without limitations. Extensive 
sub-contracting and major procure- 
ment programs — directed and con- 
trolled by engineers — afford varied 
experience and broad contacts and 
relationships. 


PRODUCTS 

Boeing produces C-97 military trans- 
ports, B-47 six-jet and B-52 eight-jet 
bombers. Through these fighter-fast 
jet bombers, Boeing has acquired an 
unmatched background in designing, 
building and flying multi-jet aircraft. 
It is the first American company to 
announce entry into the jet transport 


field. In addition, Boeing conducts a 
comprehensive guided missile pro- 
gram, research on nuclear-powered 
aircraft, and produces a revolutionary 
gas turbine. 


RESEARCH 

Boeing’s research facilities are unsur- 
passed in the industry. They include 
America’s only privately designed and 
owned trans-sonic wind tunnel, and 
acoustical, hydraulic, pneumatic, 
mechanical, electronics, vibration and 
physical research laboratories. 


OPENINGS 

Openings for graduates at Boeing lie 
in all branches of engineering, for work 
in aircraft designing, development, 
production, research and tooling. Also 
for servo-mechanism and electronics 
designers and analysts, and physicists 
and mathematicians. Boeing engi- 
neers work at engineering. The divi- 
sion is so organized that most draw- 
ings are made by draftsmen. 


LOCATION 

Boeing engineering activity is concen- 
trated at Seattle in the Pacific North- 
west and Wichita in the Midwest. In 
addition to skiing and mountain sports 
near Seattle, both communities offer 
fine fishing, hunting, golf, boating and 
other recreational opportunities. Both 
are fresh, modern cities with fine resi- 
dential and shopping districts, and 
schools of higher learning where en- 
gineers can study for advanced 
degrees. 

INFORMATION 

If you or any of your students would 
like additional information about en- 
gineering careers at Boeing, write to 
John C. Sanders, Staff Engineer- 
Personnel, Boeing Airplane Company, 
Seattle 14, Washington. 
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New for Engineers 


PRINCIPLES OF 
MODERN ACOUSTICS 


By GEORGE W. SWENSON, Jr. 


Associate Professor of Electrical Engineering, 
Washington University, St. Louis, Missouri 


Designed for a one-semester course for students in electrical engineering 
and physics, this text develops a number of important analytical techniques. 
It will appeal to engineers because of its thorough explanation and use of 
equivalent circuits for mechanical and acoustical systems. The text con- 
centrates almost entirely on methods and theory, rather than details of 
the myriad of modern applications and devices. It is spiced with 
a number of example applications. 


@ Treatments of lumped-parameter mechanical and acoustical sys- 
tems. 


@ Electro-mechanical and electro-acoustical analogies are introduced 
in connection with both lumped and distributed-parameter systems. 
Provides a useful analytical method, and helps the student under- 
stand the mathematical unity of the subject. 


e@ Unusual textual treatment of approximate methods for boundary- 
value problems. 


352 pp. approx. 6x9 Illustrated Cloth 


And ELECTRONICS 
(PHYSICAL PRINCIPLES AND APPLICATIONS) 


By A. O. WILLIAMS, Jr. 


Professor and Executive Officer, Department of Physics, 
Brown University 


This new text gives a rounded, physical introduction to the subject, without 
exhaustive enumeration of special circuits, but with constant attention to the 
associated phenomena of electricity, magnetism, radiation (including optics), 
and atomic physics that make electronics an interesting and useful tool to 
the physicist. 


@ All topics of physics are discussed ONLY with 
their connections to electronics carefully in mind. 


@ Subject matter leads into such important elec- 
tronic techniques as the magnetic stabilization of 
voltage and the matching of impedance, and such 
electronic equipment as the magnetic amplifier and 
the Variac. 


@ An appendix has been added wherein laboratory Publishers Since 1848 

suggestions to form an integral part of the course s 

will be found. : 

372 pp. approx. — 6x 9 — Illustrated — Cloth Me Ou RIN A 
YORK, 


Send for your on-approval copies 
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Early Spring Publication 
3RD EDITION—MORSE’S 


POWER PLANT 
ENGINEERING 


By FREDERICK T. MORSE 


University of Virginia 


This THIRD EDITION maintains the same successful approach which 
distinguished the first two editions. Being completely revised and brought 
up to date, it is essentially a NEW book. Continued classroom teaching, 
consulting engineering practice, and supervision and teaching of laboratory 
courses in thermodynamics and steam power plants, well equip the author 
to present the basic knowledge of the subject as well as its practical 
applications. 


@ Better balance has been achieved in the text by greater emphasis 
on the small and medium sized plants, which are so numerous in the 
industrial and institutional fields. 


@ All discussions are abreast of the most recent advances in all 
types of power plants. New material on gas turbines and the funda- 
mentals of nuclear energy has been added. The subjects of boilers, 
turbines and condensers have been expanded and brought up to date. 


@ Throughout the text emphasis has been placed on engineering 
principles of power plants and their operations, as well as on design. 


@ As an aid in the practical operation of power plants, there is in- 
creased coverage of the operating engineers problems, such as making 
tests and identifying sources of difficulties. 


@ The introductory chapter has a review of applied heat theory 
nomenclature and calculations which will facilitate the solution of 
problems in this subject. 


@ There are many solved examples illustrating the principles of the 
subject, and a copious supply of new sample problems for practice. 
An abundance of graphs, charts, line-drawings, and half-tones formu- 
late a well chosen selection of educational illustrations. 


750 pp. approx. 6x9 Well Illustrated Cloth 


Have You Examined? 


ELEMENTS 
OF APPLIED ENERGY 


By FREDERICK T. MORSE 


Text provides a working knowledge of energy equip- Publishers Since : 1848 

ment without burdening the reader prematurely 

with thermodynamics derivations. ~ 

454 pp. (1947) $5.50 4: 
YO RK, 


Send for your on-approval copies 
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ENGINEERING DRAWING 


Thomas E. French 
and 


Charles J. Vierck 


The Ohio State University 


New Eighth Edition 
In Press 


Of all the books published in this field, Engineering Drawing has been 
since its publication the standard work on the subject with total sales 
of all editions reaching over 1,250,000 copies. This new revision is 
designed to maintain that position of leadership. 


An entirely different arrangement and chapter order have been evolved 
for this edition. Material is now arranged in four basic divisions. 
First, all basic material is presented on shape description, including 
pictorial, perspective, intersections, and developments. Second, the 
chapters on size description are given, including the relationship 
between the drawing and the shop, and also the advanced material 
on precision and limit dimensioning. Third, the basic machine ele- 
ments are discussed—screw threads, fasteners, keys, rivets, springs, 
gears and cams, etc. Fourth, the end point of all material included 
thus far is given, the chapter on working drawings, which is followed 
by the related specialties, architectural, structural, map and topo- 
graphic drawing, etc. Almost every chapter has been revised to make 
the material easier to understand, easier to teach, and easier to use. 


New material has been added for improvement. Every effort has been 
made to have the basic material as complete as possible within reason- 
able limits of length. Finally, many new illustrations and problems 
have been added for additional over-all improvement. 


Send for coptes on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 36, N. Y. 


j : 


